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Introductory  Note 


This  manual  contains  in  consolidated  form  (1)  Civil  Air  Regulations 
Part  4b,  Airplane  Airworthiness;  Transport  Categories,  dated  December  31, 
1953,  Amendments  4b-l  through  4b-12,  and  the  editorial  changes  required  by 
Special  Regulation  SR-430,  effective  December  31,  1958;  and  (2)  the  rules, 
policies,  and  interpretations  issued  by  the  Administrator  of  the  Federal  Avia¬ 
tion  Agency  in  application  to  the  various  sections  of  the  regulations. 

FAA  ru/cs  are  supplementary  regulations.  Such  rules  are  mandatory 
and  must  be  complied  with. 

FAA  policies  provide  detailed  technical  information  on  recommended 
methods  of  complying  with  the  Civil  Air  Regulations.  Such  policies  are  for 
the  guidance  of  the  public  and  are  not  mandatory  in  nature. 

FAA  interpretations  define  or  explain  words  and  phrases  of  the  Civil  Air 
Regulations.  Such  interpretations  are  for  the  guidance  of  the  public  and  will 
be  followed  by  the  Agency  in  determining  compliance  with  the  regulations. 

With  the  discontinuance  of  the  distribution  of  individual  amendments 
of  the  Civil  Air  Regtilations,  it  is  believed  that  the  preamble  material  contained 
in  the  amendments  should  be  reproduced  in  the  manuals.  Therefore,  the 
preambles  of  Amendments  to  Part  4b,  b^inning  with  Amendment  4b-l 
adopted  April  13,  1954,  are  included  as  an  addendum  to  this  manual.  In 
addition  to  the  preamble,  the  date  of  adoption,  the  effective  date,  Federal 
Register  citation,  and  the  sections  affected  are  given  for  each  amendment. 

This  manual  supersedes  Civil  Aeronautics  Manual  4b  dated  May  1,  1960, 
and  all  supplements  thereto.  As  amendments  and  other  pertinent  materials 
pertaining  to  Part  4b  are  issued,  they  will  be  included  in  this  manual. 

As  a  convenience  to  the  users  of  thb  manual,  the  changes  made  by  Amend¬ 
ment  4b-12,  which  was  adopted  as  a  result  of  the  First  Federal  Aviation 
Agency  Airworthiness  Review  and  which  became  effective  May  3,  1962,  are 
enclosed  in  black  brackets. 
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Airplane  Airworthiness;  Transport  Categories 

Subpart  A-^General 


Applicability  and  Definitions 

4b.O  AppUeabiUty  of  thU  part.  This 
part  estaUislies  standards  with  which  compli* 
aacs  shall  be  demonstrated  for  the  issnance  of 
and  changes  to  type  certificates  tor  transport 
eategwy  airplanes.  This  part,  until  superseded 
or  rescfaided,  shall  apply  to  all  transport  cate* 
gory  airplanes  for  which  applications  for  type 
cntifieatiM  in  the  transport  category  are  made 
aftmr  the  effectiTe  date  of  this  part  (November 

1945). 

4b.l  DeAnitioM,  As  used  in  this  part 
terms  are  defined  as  ft^ws: 

(a)  Adminiotration, 

(1)  Adminiatrator,  The  Administrator 
is  the  Administrator  of  the  Federal  Aviation 
Agmatcy. 

(2)  Applicant.  An  applicant  is  a  pm’son 
or  persons  allying  for  approval  of  an  air^ane 
or  any  part  thereof. 

(8)  Approved.  Amwoved,  when  used 
almte  mr  as  modi^dog  terms  such  as  means, 
devices,  specifications,  etc.,  shall  mean  approved 
by  the  Administrator.  (See  sec.  4b.l8.) 

(b)  General  deaign. 

(1)  Standard  atmosphere.  The  stand* 
ard  atmosphere  is  an  atmosphere  (see  NACA 
Technical  Report  1235)  defined  as  ft^ows: 

(i)  The  air  is  a  dry,  perfect  gas, 

(ii)  The  temperature  at  sea  level  is  59*=^., 

(ill)  The  pressure  at  sea  level  is  29.92 

inches  Hg, 

(iv)  The  temperature  gradient  from  sea 
level  to  the  altitude  at  which  the  temperature 
equals  —69.7°  P.  is  —0.003566°  F./ft.  and 
aero  thereabove, 

(v)  The  density  po  at  sea  level  under  the 
above  cmiditions  is  0.002377  pounds  sec.Vft.*. 

[(2)  Maximum  ambient  atmospheric 
temperature.  The  maximum  ambient  atmos* 
pheric  temperature  is  the  temperature  selected 
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by  the  applicant  as  the  maximum  operational 
limit.] 

(3)  Airplane  conAguration.  Airjdane 
configuration  is  a  term  referring  to  the  position 
of  the  various  elements  affecting  the  aerody* 
namic  characteristics  of  the  airplane  (e.  g.,  wing 
flaps,  landing  gear). 

(4)  Aerodynamic  coeMcients.  Aero* 
dynamic  coefficients  are  nondimensional  coef* 
flcients  for  forces  and  moments.  They  cor* 
respond  with  those  adopted  by  the  National 
Aeronautics  and  Space  Administratmn  (for* 
merly  the  National  Advisory  Committee  for 
Aeronautics). 

(5)  Critical  engine{s).  The  critical  en* 
gine  is  that  engine(s)  the  failure  of  which  gives 
the  most  adverse  effect  on  the  airplane  flight 
characteristics  relative  to  the  case  under  con* 
dderation. 

(6)  Critical-engine-failure  speed.  The 
critical-engine*failnre  speed  is  the  airplane 
speed  used  in  the  deteri^ation  of  the  takeoff 
at  which  the  critical  engine  is  assumed  to  fail. 
(See  sec.  4b.ll4.) 

(7)  Continuous  maximum  icing.  The 
maximum  continuous  intensity  of  atmospheric 
idng  conditions  is  defined  by  the  variables  of 
the  dond  liquid  water  content,  the  mean  effec* 
tive  diameter  of  the  cloud  drojdets,  the  ambient 
air  temperature,  and  the  inter-relationship  of 
these  three  variables  as  shown  in  figure 
4b-24a.  The  limiting  idng  envelope  in  terms 
of  altitude  and  temperature  is  given  in  figure 
4b-24b.  The  inter-relationship  of  cloud  liquid 
water  content  with  drop  diameter  and  altitude 
is  determined  from  figures  4b-24a  and  4b-24b. 
The  cloud  liquid  water  content  for  continuous 
maximum  idng  conditions  of  a  horizontal  ex¬ 
tent  other  than  twenty  miles  is  determined  by 
the  value  of  liquid  water  content  of  figure 
4b-24a  multiidi^  by  the  appropriate  factor 
firom  figure  4b-24c.  (See  sec.  4b.640.) 
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(8)  Intermittent  maximum  icing.  The 
iatermitteiit  maximam  intensity  of  atmospheric 
ieing  ewditions  is  defined  by  the  variables  of 
the  clond  liquid  water  content,  the  mean  effec¬ 
tive  diameter  of  the  cloud  droplets,  the  ambient 
air  temperature,  and  the  inter-relationship  of 
these  tlwee  variables  as  shown  in  figure  4b-25a. 
The  Hmiting  icing  envelope  in  terms  of  altitude 
and  temperature  is  given  in  figure  4b-25b. 
The  inter-relationship  of  clond  liquid  water 
content  with  drop  diameter  and  altitude  is 
determined  from  figures  4b-25a  and  4b-25b. 
The  dond  liquid  water  content  for  intermittent 
maximum  idng  conditions  of  a  horizontal  ex¬ 
tent  other  than  three  miles  is  determined  by 
the  value  of  clond  liquid  water  content  of 
figure  4b-25a  mnltipli^  by  the  appropriate 
factor  in  figure  4b-2^  (See  sec.  4b.M0.) 

NoTS:  There  la  some  indication  that  the  npper 
aldtade  Bayt  mifht  extend  to  80,000  feet  pressure 
aMtade,  and  the  lower  limit  of  ambient  temperature 
mar  be  as  low  as  —40**  F.  Because  of  tbis,  the  por- 
tfoua  in  this  region  of  flgures  4b-25a  and  4b-25b  are 
shown  br  dashed  iinea. 

(c)  Weight*. 

(1)  Maximum  ueight.  The  maximum 
weight  of  the  airplane  is  that  maximum  at  which 
coutoliance  with  the  requirements  of  this  part 
is  demonstrated.  (See  sec.  4b.l01  (a).) 

(2)  Minimum  weight.  The  minimum 
weight  of  the  airplane  is  that  minimum  at  which 
compHauce  with  the  requirements  of  this  part 
is  demonstrated.  (See  sec.  4b.l01  (c).) 

(S)  Empty  weight.  The  empty  weight 
at  the  airidane  is  a  readily  reproducible  weight 
which  is  used  in  the  determination  of  the  oper- 
ating  weights.  (See  sec.  4b.l04.) 

(4)  Deeign  maximum  weight.  The  de¬ 
sign  maximum  weight  is  the  maximum  weight 
of  the  airplane  used  in  structural  design  for 
flight  load  conditions.  (See  sec.  4b.210.) 

(5)  Deeign  minimum  weight.  The  de- 
aign  minimum  weight  is  the  minimum  weight 
of  the  airplane  at  which  compliance  is  shown 
with  the  structural  loading  conditions.  (See 
sec.  4b.210.) 

(8)  Deeign  takeoE  weight.  The  de¬ 
sign  takeoff  weight  is  the  maximum  airplane 
weight  used  in  structural  design  for  taxiing 
cmiditkms,  and  for  landiiq;  conditions  at  a  re- 
dneed  velocity  of  descent.  (See  sec.  4b.210.) 


(7)  Deeign  landing  weight.  The  de¬ 
sign  landing  weight  is  the  maximnm  airplane 
weight  used  in  structural  design  for  landing 
conditions  at  the  maximum  velocity  of  descent. 
(See  sec.  4b.230  (b).) 

(8)  Zero  fuel  weight.  The  zero  fuel 
weight  is  the  design  maximum  weight  of  the 
airplane  with  no  disposable  fuel  and  oil. 

(9)  Design  unit  weight.  The  design 
unit  weight  is  a  representative  weight  used  to 
show  compliance  with  the  structural  design 
requirements. 

(i)  Gasoline  6  pounds  per  U.  S.  gallon. 

(ii)  Lubricating  oil  7.5  pounds  per  U.  S. 

gallon. 

(iii)  Crew  and  passengers  170  pounds 
per  person. 

(d)  Speeds. 

(1)  IAS:  Indicated  airspeed  is  equal  to 
the  pitot  static  airspeed  indicator  reading  as 
instiled  in  the  airplane  without  correction  for 
airspeed  indicator  system  errors  but  including 
the  sea  level  standard  adiabatic  compresdble 
flow  correction.  (This  latter  correction  is  in¬ 
cluded  in  the  calibration  of  the  airspeed  in¬ 
strument  dials.)  (See  sees.  4b.612  (a)  and 
4b.710.) 

(2)  CAS:  Calibrated  airspeed  is  equal  to 
the  airspeed  indicator  reading  corrected  for 
position  and  instrument  error.  (As  a  result  of 
the  sea  level  adiabatic  compressible  flow  cor¬ 
rection  to  the  airspeed  instrument  dial,  CAS  is 
equal  to  the  true  airspeed  TAS  in  standard 
atmosphere  at  sea  level.) 

(3)  EAS:  Equivalent  airspeed  is  equal  to 
the  airspeed  indicator  reading  corrected  for 
position  error,  instrument  error,  and  for  adia¬ 
batic  compressible  flow  for  the  particular  alti¬ 
tude.  (EAS  is  equal  to  CAS  at  sea  level  in 
standard  atmosphere.) 

(4)  TAS:  True  airspeed  of  the  airplane 
relative  to  undisturbed  air.  (TAS = EAS  (po/p'^.) 

(5)  Fa.’  The  design  maneuvering  speed. 
(See  sec.  4b.210  (b)  (2).) 

(6)  Fa.*  The  design  speed  for  maximnm 
gust  intensity.  (See  see.  4b.210  (b)  (3).) 

(7)  Fc.’  The  design  cruising  speed.  (See 
sec.  4b.210  (b)  (4).) 

(8)  Fa.*  The  design  diving  speed.  (See 
sec.  4b.210  (b)  (5).) 
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C(9)  Vor/HHoFt  The  demoastrated  flifht 
diiiiig  apeed  at  which  compliance  is  shown 
with  the  appUcabie  flight  reqnirementa.  (See 
Mcs.  4b.l90  and  4b.l91  (a).)] 

[(10)  V,:  The  design  flat  ^eeds  for  flight 
loading  con^tious.  (See  sec.  4b.210  (b)  (1).)] 

(11)  The  l^p  extended  sp^  is  a 

maxlmnm  wing  flaps  in  a  prescribed 

extoided  pi^thm.  (See  see.  4b.714.) 

(12)  Via:  The  landing  gear  extended 
speed  is  the  maximnm  speed  at  which  the  air* 
plane  can  be  flown  safely  with  the  landing  gear 
extended.  (See  sec.  4b.716.) 

(13)  Vio:  The  landing  gear  operating 
i^eed  is  a  maximnm  speed  at  which  the  landing 
gear  can  be  raised  or  lowered  safely.  (See 
sec.  4b.715.) 

(14)  Vttc:  The  minimnm  contrd  speed 
with  the  critical  engine  inoperatiTe.  (See  see. 
411.133.) 

[(13)  VkIMpc:  The  maximum  epeed  tor 
eiabtiitg  e^raeteriBtiex.  (See  sec.  4b.l91 
(b).)l 

[(10)  F«ro/3fjfo*  The  maximum  oper- 
attn§  Umit  epeed.  (See  see.  4b.711.)] 

(17)  Fa,;  The  stidfing  speed  or  the  mini* 
nmm  steady  flight  speed  with  wing  flapO  in 
the  landing  position.  (See  secs.  4b.ll2  (a) 
and  4b.l60.) 

(18)  Fa,;  The  stalling  speed  or  the  mini* 
mnm  steady  fl^^ht  speed  obtained  in  a  i^* 
ifled  CMiflgnratlQn.  {See  sec.  4b.ll2  ^b).) 

(19)  Ff*  The  critical*engine*failare  ^ed. 
(See  see.  4b.ll4.) 

(20)  V,:  The  takeoff  safety  speed.  (See 
see.  4b.ll4  (b).) 

(21)  M:  Madi  number  is  the  ratio  of  tme 
airspeed  to  the  qieed  of  sound. 

(e)  Struetural, 

(1)  LinUt  load.  A  Umit  load  is  the  max¬ 
imnm  load  anticipated  in  normal  conditions  et 
operation.  (See  sec.  4b.200.) 

(2)  Ultimate  load.  An  ultimate  load  is 
a  ttn^  load  mnltipUed  by  the  anwopriate  fitctM’ 
<ff  safety.  (See  sec.  4b.200.) 

(3)  Factor  of  eatetp.  The  factm' of  safe¬ 
ty  Is  a  desiga  factor  used  to  proride  for  tiie 
poadhffity  of  loads  greater  than  those  antici¬ 
pated  in  normal  cmiditions  operatimi  and 
far  uncertainties  in  design.  (See  sec.  4b.200 
(•).) 


(4)  Load  factor.  The  load  factor  is  the 
ratio  of  a  spedfled  load  to  the  total  wdght  of 
the  airplane;  the  spedfled  load  may  be  ex¬ 
pressed  in  terms  of  any  of  the  following:  aero¬ 
dynamic  forces,  inertia  forces,  at  ground  or 
water  reactions. 

(5)  Limit  load  factor.  The  limit  load 
factor  ia  the  load  factor  corresponding  with 
limit  loads. 

(8)  Ultimate  load  factor.  The  ultimate 
load  factor  is  the  load  factor  corresponding 
with  ultimate  loads. 

(7)  Cheeked  pitching  maneuver.  A 
checked  pitching  manenver  is  one  in  which  the 
pitching  CMtrd  is  suddenly  displaced  in  one 
direction  and  then  suddenly  moved  in  the  op¬ 
posite  direction,  the  deflectimis  and  timi^ 
bebg  such  as  to  avoid  exceeding  the  limit 
maneuvering  load  factor. 

(8)  Design  wing  area.  The  design  wiity 
area  is  the  area  endosed  by  the  wing  outline 
flndnding  wing  flaps  in  the  retracted  position 
and  aUenms,  but  exdnding  fillets  or  fairings) 
on  a  surface  eoataining  the  wing  chords.  The 
ontiiae  is  assumed  to  be  extended  through  the 
nacelles  and  fuselage  to  the  plane  of  symmetry 
in  any  reasonable  manner. 

(9)  Balancing  tail  load.  A  balaadng 
tail  load  is  tiiat  load  necessary  to  place  the  air- 
^ane  in  eqnilibrinm  with  smo  pitch  accelera¬ 
tion. 

(10)  Fitting.  A  fitting  is  a  part  or  ter¬ 
minal  used  to  Join  one  structural  member  to 
another.  (See  sec.  4b.307  (c).) 

(f)  Powerplant  inetallatlon. ' 

•Ite’  ■InwHMawi  nnWMMta  n*  Put  U  af  tUa  Mb- 

cfeapMr:  Or  itapallw  ahaartMaaaB  ruabinata  aaa  Part  14  af  tUa 

(1)  Brake  horsepower.  Brake  horse¬ 
power  is  the  power  ddivered  at  the  propeUer 
shaft  of  the  engine. 

(2)  Takeoff  power  or  thrust. 

(i)  Takeoff  power  for  reciprocating  en¬ 
gines  is  the  brake  horsepower  developed  under 
standard  sea  level  cmiditions  and  under  the 
maximum  conditions  si  crankshaft  rotational 
i^eed  and  en^e  manifold  pressure  approved 
for  the  normal  takeoff,  and  limited  in  use  to  a 
maximum  continuous  period  as  indicated  ia  the 
amoved  engine  spedfication. 
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(fi)  Takeoff  power  for  turbine  engines 
in  the  brake  hornepower  developed  under  static 
conditkMis  at  i^edfied  altitudes  and  atmos- 
phMk  temporatnres  and  under  the  ntazimuni 
cwiditkHis  ot  rotor  shaft  rotational  speed  and 
gas  temperature  approved  for  the  normal  take¬ 
off,  and  limited  in  use  to  a  maximum  continous 
period  as  indicated  in  the  approved  engine 
i^eciflcatimi. 

(iii)  Takeoff  thrust  for  tnrbine  engines 
is  the  Jet  thrnst  devel<^ed  under  static  condi¬ 
tions  at  specified  altitudes  and  atmospheric 
temperatures  and  under  the  maximum  condi- 
tkms  rotor  shaft  rotational  speed  and  gas 
temperature  approved  for  the  normal  takeoff, 
and  limited  in  nse  to  a  maximum  continuous 
period  as  indicated  in  the  approved  engine 
specification. 

(3)  Maximum  continuous  power  or 
thrust. 

(i)  Maximum  continuous  power  for  re¬ 
ciprocating  engines  is  the  brake  hmsepower  de- 
vdoped  in  standard  atmosphere  at  a  specified 
aMtnde  and  under  the  maximum  conditions  of 
crankshaft  rotatkmal  speed  and  engine  mani¬ 
fold  pressure,  and  approved  for  nse  during  peri¬ 
ods  of  unrestricted  dvation. 

(ii)  Maximum  c<miinnons  power  for 
tmrbine  engines  is  the  brake  hmsepower  devel¬ 
oped  at  i^edfied  altitudes,  atmoi^heric  tem¬ 
peratures,  and  flight  qieeds  and  under  the 
maximum  cmiditions  of  rotor  shaft  rotational 
speed  and  gas  temperature,  and  approved  for 
nse  during  periods  of  unrestricted  duration. 

(iii)  Maximum  continuous  thrust  for 
tnrbine  engines  is  the  jet  thrnst  developed  at 
spedfied  attitudes,  atmospheric  temperatures, 
and  flight  speeds  and  under  the  maximum  con- 
ditiMs  of  rotor  shaft  rotatkmal  qmed  and  gas 
tempmatnre,  and  approved  for  use  during  peri¬ 
ods  ot  nnreriricted  duration. 

(4)  Gas  temperature.  Gas  tempera¬ 
ture  for  turbine  engines  is  the  temperature  of 
the  gas  stream  obtained  as  indicated  in  the 
approved  engine  specificatimi. 

(5)  Manifold  pressure.  Manifold  pres- 
smo  is  the  absolntc  inressnre  measured  at  the 
appropriate  point  in  flie  induction  system,  nsn- 
aOy  in  inches  of  mercnry. 

(6)  Critical  altitude.  The  critical  alti- 
tade  is  the  maximum  altitude  at  which  in 


standard  atmosphere  it  is  possible  to  maintain, 
at  a  specified  rotational  speed,  a  specified 
power  or  a  specified  manifold  pressure.  Unless 
otherwise  stated,  the  critical  altitude  is  the 
maximum  altitude  at  which  it  is  possible  to 
maintain,  at  the  maximum  continuous  rota¬ 
tional  speed,  one  of  the  following: 

(i)  The  maximum  continuous  power,  in 
the  case  of  engines  for  which  this  power  rating 
is  the  same  at  sea  level  and  at  the  rated  altitude, 

(ii)  The  maximum  continuous  rated 
manifold  pressure,  in  the  case  of  engines  the 
maximum  continuous  power  of  which  is  gov- 
m'ued  b;  a  constant  manifold  pressure. 

(7)  Pitch  setting.  Pitch  setting  is  the 
propeUer  blade  setting  determined  by  the  blade 
angle  measured  in  a  manner,  and  at  a  radius, 
specified  in  the  instruction  manual  for  the 
propriler. 

(8)  Feathered  pitch.  Feathm'ed  |dtch  is 
the  pitch  setting  which  in  flight,  with  the 
engines  stopped,  gives  approxinuitely  the  mini¬ 
mum  drag  and  corresponds  with  a  windmiiling 
Unque  of  approximatriy  xero. 

(9)  Reverse  pitch.  Reverse  pitch  is  the 
propeller  pitch  setting  for  any  blade  angle  used 
beyond  xero  pitch  (e.  g.,  the  negative  angle 
used  for  reverse  thrnst). 

(g)  Fire  protection. 

(1)  Fireproof.  Fireproof  material  means 
a  matmial  which  will  withstand  heat  at  least  as 
well  as  steel  in  dimensions  a^opriate  for  the 
purpose  for  which  it  is  to  be  n^.  When  ap- 
|died  to  material  a:id  parts  used  to  confine  fires 
in  designated  fire  xones,  fireproof  means  that 
the  material  or  part  will  perform  this  function 
under  the  most  severe  conditions  of  fire  and 
duration  likely  to  occur  in  such  xones. 

(2)  Fire-resistant.  When  applied  to 
sheet  or  structural  members,  fire-resistant 
material  means  a  material  which  will  withstand 
heat  at  least  as  well  as  aluminum  alloy  in 
dimensions  anu’opriate  for  the  purpose  for 
which  it  is  to  be  used.  When  applied  to  fluid- 
carrying  lines,  other  flammable  fluid  system 
components,  wiring,  air  ducts,  fittings,  and 
powerjdant  controls,  this  term  refers  to  a  line 
and  fitting  assembly,  component,  wiring  or 
duct,  OT  controls,  which  will  perform  the  in¬ 
tended  functions  under  the  heat  and  other 
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cmditions  Hkely  to  oecnr  at  the  particular 
hMation. 

(3)  Flome-reaMant.  Flame-realatant 
material  means  material  which  will  not  support 
combostimi  to  the  point  of  propagating,  beyond 
safe  limits,  a  flame  after  the  removal  of  the 
ignition  source. 

(4)  Fla$h-‘resi»tant.  Flash*resistant 
material  means  material  which  will  not  burn 
vlolentiy  when  ignited. 

(5)  Flammable.  Flammable  pertains  to 
those  fluids  or  gases  which  will  ignite  readily 
or  explode. 

(h)  Mieeellaneous. 

(1)  Supplemental  breathing  equip¬ 
ment.  Supplemental  breathing  equipment  is 
equipment  deagned  to  supfriy  the  snp^emen* 
ts^  oxygen  required  to  protect  against  anoxia 
at  altitudes  where  the  partial  pressure  of  oxygen 
in  amUent  air  is  reduced.  (See  sec.  4b.651.) 

(2)  Protective  breathing  equipment. 
Pirotective  breathing  equipment  is  equipment 
des^pied  to  prevent  the  l^eathing  of  noxious 
gases  which  might  be  present  as  cimtaminants 
in  the  air  within  the  airplane  in  emergency 
situations.  (See  sec.  4b.651.) 

((Aneodment  4b-12,  poblislied  27  F.R.  298S. 
Mar.  30,  1962,  effective  May  3,  1962.)] 

Certification 

4b.l0  Eligibility  for  type  certiilcates. 
An  air|dane  shall  be  eligible  for  type  certifica¬ 
tion  under  the  provisions  of  this  if  it  com¬ 
bes  with  the  airworthiness  provisions  estab¬ 
lished  by  this  part  or  if  the  Administrator  finds 
that  the  provision  or  provisions  not  complied 
with  are  compensated  for  by  factors  which 
provide  an  equivalent  level  safety:  Provided, 
That  the  Administrator  finds  no  feature  or 
characteristic  of  the  airplane  which  renders  it 
unsafe  for  the  transport  category. 

4b.  10-1  Approval  of  reverse  thrust  propellers 
(FAA  policies  which  apply  to  sec.  4^.10).  A  re¬ 
verse  thrust  propeller  is  a  design  feature  which 
is  not  fully  covered  in  the  Civil  Air  Regulations. 
When  an  airplane  incorporates  a  reverse  thrust 
propeller  installation,  it  will  be  approved  in 
accordance  with  the  policies  set  forth  in  section 
4b.402-l,  provided  it  has  no  feature  or  char¬ 


4b.ll 

acteristic  which  renders  its  use  unsafe  in  trans¬ 
port  category  airplanes. 

(20  F.  R.  2277,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

4b.  10-2  Approval  of  automatic  propeller  feath¬ 
ering  installations  {FAA  policies  which  apply  to 
sec.  4b-10).  An  automatic  propeller  feathering 
device  is  a  design  feature  not  specifically  covered 
in  the  Civil  Air  Regulations.  When  an  airplane 
incorporates  an  automatic  feathering  device,  it 
will  be  acceptable  under  the  provisions  of  section 
4b.  10  as  providing  an  equivalent  level  of  safety 
in  showing  compliance  with  sections  4b.  11 5, 
4b.ll6,  4b.l20,  and  4b.l33  if  it  complies  with 
policies  prescribed  in  sections  4b. 115-2,  4b.ll6- 
1,  4b.l20-l,  4b.401-l,  and  4b.700-l,  and  if 
there  are  no  features  or  characteristics  which 
make  it  unsafe  for  use  on  transport  aircraft. 

(19  F.  R.  1817,  Apr.  2,  1954,  effective  Apr.  2,  1954.) 

4b.  10-3  Minimum  qttantity  of  antidetonant 
fluid  required  (FAA  policies  which  apply  to  sec. 
4h.l0).  The  use  of  antidetonant  fluid  in 
limited  quantities  as  a  supplemental  fluid  for 
takeoff  power  operations  is  a  feature  not 
specifically  covered  in  the  Civil  Air  Regulations. 
A  system  incorporating  anti-detonant  fluid  will 
be  acceptable  under  the  provisions  of  section 
4b.  10  as  providing  a  satisfactory  level  of  safety 
from  the  standpoint  of  the  quantity  of  fluid 
available  if  it  complies  with  the  policies  con¬ 
tained  in  sections  4b.420-l  and  4b.718-l. 

(20  F.  R.  2277,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

4b.  11  Designation  of  applicable  regula¬ 
tions.  The  provisions  of  this  section  shall 
apply  to  all  airplane  types  certificated  under 
tUs  part  irrespective  of  the  date  of  application 
for  type  certificate. 

(a)  Unless  otherwise  established  by  the 
Board,  the  airplane  shall  comply  with  the  pro¬ 
visions  of  this  part  together  with  all  amend¬ 
ments  thereto  effective  on  the  date  of  applica¬ 
tion  for  type  certificate,  except  that  compliance 
with  later  amendments  may  be  elected  or  re¬ 
quired  pursuant  to  paragraphs  (c),  (d),  and  (e) 
of  this  section. 

(b)  If  the  interval  between  the  date  of  appfl- 
cation  for  type  certificate  and  the  issuance  of 
the  corresponding  type  certificate  exceeds  five 
years,  a  new  application  for  type  certificate  shall 
be  required,  [notwithstanding  the  applicant 
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■ay  hare  been  issued  a  provisional  type  certifl- 
eate,J  except  tbat  for  applications  pending 
m  May  1,  1954,  such  five-year  period  shall 
ciHumence  on  that  date.  At  the  option  of  the 
applicant,  a  new  application  may  be  filed  prior 
to  the  expiration  of  the  five-year  period.  In 
^ther  instance  the  applicable  regulations  shall 
be  those  effective  on  die  date  of  the  new  appli¬ 
cation  in  accordance  with  paragraph  (a)  of  this 
section. 

(c)  Daring  the  interval  between  filing  the 
application  and  the  issuance  of  a  type  certifi¬ 
cate,  the  applicant  may  elect  to  show  compliance 
with  any  amendment  of  this  part  which  b^mes 
effective  during  that  interval,  in  which  case  all 
other  amendments  found  by  the  Administrator 
to  be  direcdy  related  shall  be  complied  with. 

(d)  Except  as  otherwise  provided  by  the 
Administrator  pnrsnant  to  section  1.24  of  this 
snbchapter,  a  change  to  the  type  certificate 
(see  sec.  4b.l3  (b))  may  be  accomplished,  at 
the  option  of  the  holder  of  the  type  certificate, 
rither  in  accordance  with  the  regnlations  incor¬ 
porated  by  reference  in  the  type  certificate 
puranant  to  section  4b.l3  (c),  or  in  accordance 
with  subsequent  amendments  to  such  regula¬ 
tions  in  effect  on  the  date  of  application  for 
approval  of  the  change,  subject  to  the  following 
provisions: 

(1 )  When  the  applicant  elects  to  show  com¬ 
pliance  with  an  amendment  to  the  regulations 
in  effect  on  the  date  of  application  for  approval 
of  a  change,  he  shall  show  compliance  with  all 
amendments  which  the  Administrator  finds  are 
directly  related  to  the  particular  amendment 
select^  by  the  applicant. 

(2)  When  the  change  consists  of  a  new 
design  or  a  substantially  complete  redesign  of 
a  component,  equipment  instaUation,  m  system 
installation  of  the  airplane,  and  the  Adminis¬ 
trator  finds  that  the  regulations  incorporated 
by  reference  in  the  type  certificate  pursuant  to 
section  4b.  13  (c)  do  not  provide  complete  stand¬ 
ards  with  respect  to  such  change,  he  shall  re- 
qitire  compliance  with  such  provisions  of  the 
regnlations  in  effect  on  the  date  of  application 
for  approval  of  the  change  as  he  finds  will  pro¬ 
vide  a  level  of  safety  equal  to  that  established 
by  the  regnlations  incorporated  by  reference  at 
the  time  of  issuance  of  the  type  certificate. 


Sf  TK:  Ezamples  of  new  or  redesigned  components 
and  installations  which  might  require  compliance  with 
regulations  in  effect  on  the  date  of  application  for  ap¬ 
proval,  are:  New  powerplant  instaUation  which  is  Ukelp 
to  introduce  additional  fit  e  or  operational  hazards  unless 
additional  protective  measures  are  incorporated;  the 
installation  of  an  auto- pilot,  a  pressurization  system, 
or  a  new  electric  power  system. 

(e)  If  changes  listed  in  subparagraphs  (1) 
through  (3)  of  this  paragraph  are  made,  the 
airplane  shall  be  considered  as  a  new  type,  in 
which  case  a  new  application  for  type  certificate 
shall  be  required  and  the  regnlations  together 
with  all  amendments  thereto  effective  on  the 
date  of  the  new  application  shall  be  made  ap¬ 
plicable  in  accordance  with  paragraphs  (a),  (b), 
(c),  and  (d)  of  this  section. 

(1)  A  change  in  the  number  of  engines; 

(2)  A  change  to  engines  employing  differ¬ 
ent  principles  of  operation  or  propulsion ; 

(3)  A  change  in  design,  configuration, 
power,  or  weight  which  the  Administrator  finds 
is  so  extensive  as  to  require  a  substantially 
complete  investigation  of  compliance  with  the 
regulations. 

[(Amendment  4b-12,  published  27  F.R.  2986,  Mur. 
30,  1962,  effective  May  3,  1962.)! 

4b.l2  Recording  of  applicable  regula- 
tions.  The  Administrator,  upon  the  issuance 
of  a  type  certificate  shall  record  the  applicable 
regnlations  vrith  which  compliance  was  demon¬ 
strated.  Thereafter,  the  Administrator  shall 
record  the  applicable  regulations  for  each 
change  in  the  type  certificate  which  is  aveom- 
plished  in  accordance  with  regulations  other 
than  those  recorded  at  the  time  of  issuance  of 
the  type  certificate.  (See  sec.  4b.ll.) 

4b.i3  Type  certificate. 

(a)  An  applicant  shall  be  issued  a  type  cer¬ 
tificate  when  he  demonstrates  the  eligibility  of 
the  airffiane  by  complying  vrith  the  require¬ 
ments  of  this  part  in  addition  to  the  applicable 
requirements  in  Part  1  of  this  snbchapter. 

(b)  The  type  certificate  shall  be  deemed  to  in¬ 
clude  the  type  design  (see  sec.  4b.l4  (b)),  the 
operating  limitations  for  the  air^ane  (see  sec. 
4b.700),  and  any  other  conditions  or  limitations 
prescribed  by  the  regulations  in  this  snbchapter. 

(c)  The  ap^cable  provisions  of  this  part  re¬ 
corded  by  the  Administrator  in  accordance  vrith 
section  4b.l2  shall  be  considered  as  incorporated 
in  the  type  certificate  as  though  set  forth  in  fhll. 
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4b.  14  Data  required. 

(a)  The  applicant  for  a  type  certificate  shall 
sabmit  to  the  Administrator  such  descriptive 
data,  test  reports,  and  computations  as  are 
necessary  to  demonstrate  that  the  airplane 
complies  with  the  reijairements  of  this  part. 

(b)  The  descriptive  data  required  in  para* 
graph  (a)  of  this  section  shall  Im  known  as  the 
type  design  and  shaU  consist  of  such  drawings 
and  specifications  as  are  necessary  to  disclose 
the  cmifiguration  of  the  airplane  and  all  the 
des^  features  covered  in  the  requirements  of 
this  part,  such  Information  on  dimensions, 
materials,  and  processes  as  is  necessary  to 
define  the  structural  strength  of  the  airplane, 
and  such  other  data  as  are  necessary  to  permit 
by  comparison  the  determination  of  the  air¬ 
worthiness  of  subsequent  airplanes  of  the  same 
type. 

4b.l5  tnspeetiona  and  tests.  Inspections 
and  tests  shall  include  all  those  found  necessary 
by  the  Administrator  to  insure  that  the  airplane 
complies  with  the  ap|dicable  airworthiness 
requirements  and  conforms  to  the  following: 

(a)  All  materials  and  products  are  in  accord* 
ance  with  the  specifications  in  the  type  dedgn. 

(b)  All  parts  of  the  airplane  are  constructed 
in  accordance  with  the  drawings  in  the  type 
design. 

(c)  All  manufacturing  processes,  construc¬ 
tion,  and  assembly  are  as  specified  in  the  type 
design. 

4b.l6  Flight  tests.  After  proof  of  com^- 
ance  with  the  structural  requirements  contained 
in  this  part,  and  npmi  comidetion  of  all  neces¬ 
sary  infl|>eetions  and  testing  on  the  ground,  and 
proof  of  the  conformity  of  the  airplane  with  the 
type  des^,  and  upon  receipt  from  the  applicant 
ed  a  report  of  fl^lht  tests  performed  by  him, 
the  following  shall  be  conducted: 

(a)  Such  official  flight  tests  as  the  Adminis¬ 
trator  finds  necemary  to  determine  comidiance 
with  the  requirements  of  this  part 

(b)  Alter  the  ccmclnsion  of  flight  tests  sped- 
fled  in  paragraph  (a)  of  this  section,  such  addi- 
thmal  flight  tests  as  the  Administrator  finds 
necessary  to  ascertain  whether  there  is  reason¬ 
able  assurance  that  the  air^ane,  its  compo¬ 
nents,  and  eqni^ent  we  reliable  and  function 
pn^rly.  The  extent  of  such  additional  flight 
tests  shaD  depend  npmi  the  complexity  of  the 


airplane,  the  number  and  nature  of  new  dedgn 
features,  and  the  record  of  previous  tests  and 
experience  for  the  particular  airplane  type,  its 
components,  and  equipment.  If  practicable, 
these  flight  tests  shall  be  conducted  on  the  same 
airplane  used  in  the  flight  tests  specified  in 
paragraidi  (a)  of  this  section. 

4b.  16-1  Applicant’s  flight  test  report  {FAA 
policies  which  apply  to  sec.  J^b.16).  The  appli¬ 
cant  should  submit  a  report  signed  by  his  test 
pilot  containing  the  results  of  flight  tests  which 
were  conducted  by  him.  It  should  certify  that 
the  airplane  has  been  flown  at  least  in  all  maneu¬ 
vers  necessary  for  proof  of  compliance  with  the 
flight  requirements  and  it  is  his  belief  that  the 
airplane  will  conform  therewith.  In  the  case  of 
very  large  airplanes,  this  procedure  may  be 
modified  as  deemed  necessary  by  the  Adminis¬ 
trator. 

(19  F.  R.  4446,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.  16-2  Preflight  test  planning  (FAA  policies 
which  apply  to  sec.  4b.l6  (a)), 

(a)  Proposed  oflkial  flight  test  program.  Be¬ 
fore  the  airplane  is  presented  for  official  type 
certification  tests,  the  applicant  should  submit 
to  the  FAA  a  proposed  flight  test  program 
which  will  indicate  at  least  the  following: 

(1)  The  area,  defined  by  the  several  selec¬ 
tions  described  in  section  4b.l00-2,  which  is  to 
be  covered  by  the  terms  of  the  type  certification. 

(2)  All  proposed  tests;  the  order  in  which 
they  are  to  be  conducted;  the  purpose  of  each 
test;  and  for  each  the  airplane  weight,  c.  g. 
position,  flap  setting,  power  to  be  drawn,  and, 
where  appropriate,  the  altitude,  the  trim 
speed  (s)  and  the  speed  (s)  or  speed  range  to  be 
investigated.  Appendix  B  presents  a  list  of 
most  of  the  flight  and  operation  tests  generally 
required  for  the  type  certification  program 
together  with  information  relative  to  the  air¬ 
plane  configuration,  test  procedure,  and  special 
instrumentation  for  each  test. 

(3)  Since  most  transport  airplanes  undei^ 
many  changes  during  their  life  span  it  is  well  to 
consider  this  fact  in  setting  up  a  flight  test 
program.  Such  changes  as  installation  of 
different  propellers,  higher  powered  engines, 
etc.,  can  often  be  predicted  in  advance. 

(4)  It  is  often  desirable  to  simulate  opera¬ 
tion  with  highw  power  for  the  determination  of 
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flying  qualities  and  other  tests,  thus  simplifying 
the  problem  of  approving  the  airplane  when  the 
power  change  becomes  effective.  Data  of  this 
nature  obtained  during  FAA  flight  tests  may 
often  reduce  further  testing  during  the  life  of 
the  airplane. 

(5)  When  an  airplane  has  been  type 
certificated  in  the  transport  category  and  a 
change  is  made  affecting  performance  and/or 
flying  qualities,  the  following  procedure  is 
su^ested : 

(i)  The  effect  of  the  change  on  each  of 
the  flight  tests  in  the  general  flight  program 
should  be  noted. 

(ii)  Those  tests  which  are  materially 
influenced  by  the  change  should  be  listed. 

(iii)  A  test  program  should  be  prepared 
embodying  such  of  these  tests  as  are  felt  to  be 
critical  or  representative.  This  program  should 
be  forwarded  to  the  FAA  with  the  reasons  for 
selecting  the  pertinent  items.  Appendix  C 
shows  representative  flight  programs  for  various 
types  of  changes  and  may  be  helpful  in  the 
preparation  of  the  programs. 

(iv)  A  description  should  be  submitted 
of  the  method(s)  which  the  applicant  purposes 
to  use  in  order  to  reduce  the  observed  data  to 
standard  conditions. 

(v)  A  statement  should  be  submitted  of 
any  intention  on  the  part  of  the  applicant  to 
resort  to  calculation  in  lieu  of,  or  for  the  purpose 
of  generalizing  test  data,  together  with  a 
description  of  the  data  upon  which  these  cal¬ 
culations  are  to  be  based  and  the  methods  to 
be  used  therein. 

(6)  Since  it  will  require  time  for  the  FAA 
to  determine  the  adequacy  of  this  entire  pro¬ 
gram,  it  is  strongly  recommended  that  it  be 
submitted  as  early  as  practicable,  otherwise  the 
commencement  of  the  testing  may  be  delayed. 

(b)  Chder  of  testing.  The  Civil  Air  Regula¬ 
tions  are  so  worded  that  the  results  of  some 
flight  tests  have  a  definite  bearing  on  the  con¬ 
duct  of  other  tests.  For  this  reason  careful 
attention  should  be  given  to  the  order  of  test¬ 
ing.  The  exact  order  of  testing  will  be  deter¬ 
mined  only  by  considering  the  particular  air¬ 
plane  and  test  program  involved.  Appei^ix  E 
shows  a  general  arrangement  that  may/ be  of 
assistance  to  those  applicants  who  i^e  not 
familiar  with  the  FAA  flight  test  procedures. 


Tests  which  are  particularly  important  in  the 
early  stages  of  the  program  are : 

(1 )  Airspeed  calibration.  All  tests  involving 
airspeed  depend  upon  the  calibration. 

(2)  Stall  speed  measurement.  Most  of  the 
performance  tests  and  flying  qualities  are 
related  to  the  stall  speed. 

(3)  Minimum  control  speed  for  takeoff.  The 
takeoff  safety  speed  depends  upon  this  item. 

(4)  Engine,  cooling.  All  en  route  climb 
speeds  and  cowl  flap  settings  are  related  to  thin 
test. 

(c)  Test  groupings. 

(1)  Weight  and  c.  g.  In  addition  to  the 
regulatory  relation  of  one  test  to  another, 
eflScient  testing  requu-es  that  consideration  be 
given  to  the  accomplishment  of  as  many  tests 
on  a  single  flight  as  can  be  accommodated 
successfully.  The  tests  shown  in  Appendix  E 
have  been  grouped  under  various  weight  and 
center  of  gravity  conditions  in  order  to  facilitate 
the  development  of  a  flight  test  program. 

(2)  Special  instrumentation.  Similarly,  con¬ 
sideration  should  be  given  to  grouping  of  tests 
that  involve  special  instrumentation.  Examples 
of  these  are  takeoff  and  landing  tests  which 
usually  require  ground  equipment  to  record 
horizontal  distance,  height,  and  time.  Ground 
calibration  of  the  airspeed  indicating  system 
can  be  accomplished  at  the  same  time.  The 
FAA  possesses  certain  instruments  which  may 
be  used  for  obtaining  test  data,  such  as  trailing 
airspeed  bombs,  sensitive  altimeters,  stop 
watches,  carbon  monoxide  indicators,  etc.,  as 
well  as  photographic  equipment  for  measuring 
takeoff  and  flight  landing  paths.  It  is  therefore 
recommended  that  the  matter  of  instrumenta¬ 
tion  be  discussed  with  the  FAA  before  any 
decision  is  made  with  regard  to  the  detailed 
flight  test  program.  A  list  containing  those 
tests  requiring  special  instrumentation  is  shown 
in  Appendix  F. 

(3)  Data  reduction.  If  the  overall  elapsed 
time  for  the  certification  program  is  to  be  kept 
to  a  minimum,  tests  requiring  considerable  data 
reduction  should  be  conducted  as  early  in  the 
program  as  possible.  Most  performance  data, 
particularly  landing  and  takeoff  data,  fall  in 
this  category. 

(19  F.  R.  4446,  July  20,  1954,  efifective  Sept.  1,  1954.) 
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4b.  16-3  Additional  jlight  tests  {FAA  policies 
which  apply  to  see.  4^.16  (6)). 

(a)  General. 

(1)  At  the  option  of  the  applicant,  the 
flight  tests  specified  in  Civil  Aeronautics  Manual 
1.77-4  for  the  ferry  flight  of  a  four-engine  air¬ 
plane  with  one  engine  inoperative  may  be  c.-n- 
ducted  during  the  flight  tests  for  type  certifica¬ 
tion.  Routine  CAR  tests  as  prescribed  in  sec¬ 
tions  4b.  100  through  4b.743  will  be  conducted 
(in  accordance  with  existing  procedures)  to 
determine  performance,  flying  qualities,  power 
plant  characteristics,  etc. 

(2)  The  official  functional  and  reliability 
tests  will  be  that  portion  of  the  tests  conducted 
under  the  immediate  supervision  of  the  Type 
Certification  Board,'  as  prescribed  in  para¬ 
graphs  (c)  through  (h)  of  this  section,  to  show 
compliance  with  sections  4b.l00  through  4b.743. 

(3)  Supplementary  experience  consisting  of 
other  flight  tests  and  experience  with  an  airplane 
(of  the  same)  type  will  be  taken  into  considera¬ 
tion  in  establishing  the  extent  of  the  official 
portions  of  the  tests.  This  supplementary  ex¬ 
perience  may  be  obtained  by  the  manufacturer, 
military  services,  airlines,  etc. 

(4)  Simulated  tests  consisting  of  tests  on  the 
ground  or  in  an  airplane  of  Gike)  components 
and  equipment  imder  conditions  simulating 
those  likely  to  be  obtained  in  service  will  also 
be  taken  into  consideration  in  establishing  the 
extent  of  the  official  portion  of  the  tests. 

(b)  functional  and  reliahUity  tests.  In  order 
to  satisfactorily  accomplish  the  objectives  of 
section  4b. 16  (b)  concerning  additional  flight 
tests  and  the  extent  thereof,  the  AdminisU'ator 
deems  it  necessary  that: 

(1)  A  comprehensive  and  systematic  check 
be  made  in  flight  of  the  operation  of  all  com¬ 
ponents  to  determine  whether  they  "fimction 
properly,”  i.  e.,  perform  their  intended  function 
without  introducing  safety  hazards. 

(2)  Sufficient  testing  and  supplementary 
experience  under  actual,  or  a  combination  of 
simulated  and  actual  experience,  be  obtained 
and  evaluated  to  give  reasonable  assurance  that 
the  airplane  is  “reliable,”  i.  e.,  should  continue 
to  function  properly  in  service.  (In  order  to 

>  A  Tn*  CertUleation  Board  Is  set  up  by  tha  FAA  Held  offloea  on 
«aeb  new  type  aircraft  project. 


obtain  wider  experience,  manufacturers  are 
encouraged  to  cooperate  with  airlines  or  other 
responsible  operators  in  operating  experimental 
airplanes  of  the  same  type  under  service  condi¬ 
tions.) 

(3)  Appropriate  corrective  action  be  taken 
when  the  need  therefor  is  determined  under 
subparagraphs  (1)  and  (2)  of  this  paragraph. 
(The  FAA  is  concerned  only  to  the  extent  that 
the  airplane  can  be  operated  safely  under  suita¬ 
ble  inspection  and  maintenance  procedures,  but 
is  not  concerned  with  maintenance  costs.) 

(c)  Test  program.  The  Type  Certification 
Board  for  each  project  will  decide  upon  a 
proposed  official  test  program  at  the  time  of  the 
preflight  meeting  of  the  Board  (prior  to  the 
routine  CAR  flight  tests)  and  coordinate  this 
with  the  airplane  manufacturer.  At  the  con¬ 
clusion  of  the  routine  type  tests,  the  T.  C. 
Board  will  meet  again  to  review  the  experience 
gained  in  those  tests,  changes  made  in  the  design 
and  any  additional  supplementary  experience, 
and  to  revise  the  proposed  test  program 
accordin^y. 

(d)  Planning  and  execution  of  test  program. 
The  following  points  should  be  considered : 

(1)  The  test  program  should  be  sufficiently 
well  planned  to  enable  its  execution  in  an 
eiiicient  manner  without  overlooking  important 
items.  It  is  not  intended!  that  the  “paper 
work”  be  overemphasized  to  the  detriment  of 
the  practical  results,  and  it  should  be  reduced 
to  a  minimum  for  small  simple  airplanes.  The 
T.  C.  Board  will  review  the  design  features  and 
equipment  with  respect  to  the  general  objec¬ 
tives,  and  prepare  a  list  showing: 

(i)  Components  and  systems  to  be 
checked  in  subparagraph  (4)  of  this  section. 

(ii)  A  brief  description  of  the  operations 
to  be  performed,  where  these  are  not  obvious 
(referencing  any  necessary  operating  instruc¬ 
tions), 

(iii)  Special  checks  or  likely  critical 
conditions, 

(iv)  Estimated  flight  time  required. 

(2)  Allowance  may  be  made  for  the  func¬ 
tional  tests  already  required  by  the  routine 
type  tests.  Allowance  may  also  be  made  for 
simulated  testing  of  new  features  and  equip¬ 
ment;  however,  the  flight  test  program  should 
be  planned  to  determine  the  adequacy  of  the 
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simulRted  tests  (e.  g.,  to  determine  whether  the 
Rctusl  enTironmental  conditions  of  tempera¬ 
ture,*  vibration,  etc.,  are  covered  by  the  simu¬ 
lated  teats)  when  these  may  be  critical,  and  to 
determine  whether  the  installation  and  con¬ 
nected  systems  are  satisfactory.  The  T.  C. 
Board  will  then  make  a  consolidated  estimate  of 
the  total  flight  time  required,  allowing  for  over¬ 
lapping,  and  adjust  this  in  accordance  with  the 
"Test  time”  outlined  in  paragraph  (e)  of  this 
section. 

(3)  The  program  will  be  arranged  to  permit 
the  Flight  Test  Inspector  in  charge  to  become 
thoroughly  familiar  with  the  flying  qualities  of 
the  airplane,  particularly  those  not  specificaUy 
covered  in  the  routine  type  tests. 

(4)  All  components  of  the  airplane  should 
be  intensively  operated  and  studied  under  all 
operaiiLig  conditions  expected  in  service  and 
obtiunable  within  the  time  and  geographic 
limitations  of  the  tests.  Intensive  operation 
means  repeated  operation  of  components  in 
various  sequences  and  combinations  likely  t'> 
occur  in  service.  Particular  attention  should  bt 
given  to  potential  sovirces  of  crew  error,  over¬ 
taxing  of  crew  ability  and  the  emergency  pro¬ 
cedures  that  would  be  required  in  the  event  of 
malfunction  of  any  component.  This  intensive 
type  of  testing  should  be  conducted  in  all  cases, 
but  the  length  of  time  for  which  it  is  continued 
will  depend  upon  the  simulated  and  supple¬ 
mentary  experience  available  for  the  particular 
type,  as  outlined  in  "Test  tune”  in  paragraph 
(e)  of  this  section. 

(5)  Ground  inspections  should  be  made  at 
appropriate  intervals  during  the  test  program 
to  determine  whether  there  are  any  failures  or 
indpient  failures  in  any  of  the  components 
whidi  might  be  a  hazard  to  safe  flight. 

(6)  When  design  changes  are  made  during 
the  course  of  the  test,  or  when  the  official  test 
airplane  differs  from  those  on  which  supple¬ 
mentary  experience  is  obtained,  or  from  modi¬ 
fied  versions  of  the  same  basic  airplane  type, 
the  revised  or  modified  items  should  be  re¬ 
checked  in  accordance  with  the  above  procedure, 
but  every  effort  should  be  made  to  include  such 

•  Thb  doM  not  imidT  that  flight  tests  most  be  oondaetsd  under  the 
aost  seven  ootside  air  temperstmes  Ukeir  to  be  enooontered  In  service. 
It  tbenld  aomally  be  possible  to  determine  the  effects  of  extreme  out¬ 
ride  tsapsratiins  on  lo^  temperatures  by  extrapolation  or  by  suitable 
estnetioii  Metoet. 


items  in  the  program  in  such  a  way  as  to  avoid 
unduly  extending  the  overall  test  time.  To  this 
end,  the  Administrator  may  accept,  in  lieu  of 
additional  flight  tests : 

(i)  Special  tests  of  the  original  and 
revised  components  in  which  the  conditions 
causing  failure  are  intensified  and 

(ii)  Simulated  tests  of  differing  com¬ 
ponents. 

(e)  Test  time.  It  is  highly  desirable  that 
functioning  and  reliability  test  programs  be 
administered  uniformly  so  that  the  program 
and  flight  time  for  a  given  project  would  be 
approximately  the  same  regardless  of  which 
T.  C.  Board  administered  the  project.  This  is 
difficult  to  achieve  without  establishing  fixed 
arbitrary  test  times  which  would  obviously  be 
contrary  to  the  intent  of  section  4b.  16  (b).  The 
following  procedure  which  permits  considerable 
flexibility  is,  therefore,  established  for  the 
guidance  of  T.  C.  Boards. 

(1)  When  supplementary  experience  is  not 
taken  into  account  and  the  airplane  is  con¬ 
ventional  in  regard  to  complexity  and  design 
features,  the  functioning  and  reliability  test 
programs  should  be  150  hours.  This  time  may 
be  reduced  to  allow  for  simulated  testing  (see 
paragraph  (d)  (2)  of  this  section),  and  for 
supplementary  experience  (see  subparagraph 
(2)  of  this  paragraph).  However  it  may  be 
necessary  to  increase  the  150  hours,  if  difficulties 
are  encountered  in  earlier  flights,  or  for  radi¬ 
cally  new  design  features  or  in  extreme  cases 
of  complexity.  An  example  of  extreme  com¬ 
plexity  would  be  an  airplane  intended  for 
operation  at  40,000  ft.  altitude,  with  automatic 
dive  recovery  flaps,  turbos,  variable  j  -t  exhaust, 
two-speed  cooling  fans,  retractable  wind  screens, 
automatic  control  of  engine  cooling,  turbos, 
intercoolers,  jet  exhausts,  etc.  The  test  program 
for  such  an  airplane  might  require  as  much  as 
300  hours  if  no  supplementary  experience  were 
available. 

(2)  When  satisfactory  supplementary  ex¬ 
perience  is  available  and  taken  into  account,  the 
following  allowance  should  be  used  as  a  guide 
and  applied  with  judgment  in  reducing  the 
official  ffight  test  time.  However,  in  any  case, 
the  official  program  should  provide  sufficient 
time  to  accomplish  the  objective  of  paragraph 
(b)  (1)  of  this  section  in  accordance  with  the 
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items  listed  in  paragraph  (d)  (3)  and  (4)  of 
this  section. 

(i)  Fwr  intensive  experience.  When  the 
allowance  is  based  on  the  total  time  of  any  one 
airplane  in  airline  crew  training  and  similar 
intensive  operations,  two  hours  of  such  opera¬ 
tion  may  be  considered  equivalent  to  one  hour 
of  officii  testing. 

(ii)  For  miscellaneous  experience.  When 
the  allowance  is  based  on  the  total  time  of  any 
one  airplane,  five  hours  of  such  experience  may 
be  considered  equivalent  to  one  hour  of  official 
testing. 

(iii)  Reduction  for  supplementary  experi¬ 
ence.  Whenever  a  reduction  of  official  test 
time  is  desired  on  the  basis  of  supplementary 
experience,  such  experience  should  be  ade¬ 
quately  recorded  and  submitted  to  the  T.  C. 
Board  as  described  in  paragraph  (f)  of  this 
section. 

(f)  Reports  and  records. 

(1)  A  log  should  be  kept  of  all  flight  tests, 
and  accurate  and  complete  records  kept  of  the 
inspections  made  and  of  all  defects,  difficulties, 
and  unusual  characteristics  and  sources  of  crew 
error  discovered  during  the  tests,  and  of  the 
recommendations  made  and  action  ta&en. 
Items  for  which  design  changes  may  be  required 
will  be  reported  to  the  manufacturer  and  the 
appropriate  FAA  engineering  division. 

(2)  If  supplementary  experience  is  to  be 
taken  into  account,  similar  records  of  such  ex¬ 
perience  should  be  kept  and  submitted  to  the 
T.  C.  Board,  together  with  a  list  of  the  diffw- 
ences  between  the  airplane  on  which  the  ex¬ 
perience  was  obtmned  and  the  official  test 
airplane.  When  supplementary  experience  is 
obtained  on  a  large  fleet  of  airplanes  (for  ex¬ 
ample,  military  operations)  of  the  same  or  a 
comparable  type  (see  paragraph  (d)  (6)  of  this 
section),  these  records  may  consist  of  statistical 
summaries  in  lieu  of  complete  records  for  each 
individual  airplane. 

(3)  At  the  conclusion  of  the  official  tests, 
a  summary  report  should  be  prepared  by  the 
T.  C.  Boi^  and  forwarded  to  Washington  for 
inclusion  in  the  Type  Inspection  Report. 

^)  Administration.  *1110  FAA  Flight  Test 
Inspector  in  charge  will  act  as  coordinator  of  all 
fillet  activities  of  the  T.  C.  Board  during  the 
official  pn^am  and  the  agent  or  an  alternate 


designated  by  him  will  participate  in  all  flights. 
He  will  collaborate  with  the  manufacturers’ 
pilots  in  all  these  activities,  particularly  in 
regard  to  flight  plans  and  procedures.  The 
manufacturers’  pilots  should  be  in  command  of 
all  flights,  but  FAA  pilots  will  fly  the  airplane 
at  least  sufficiently  to  accomplish  paragraph 
(d)  (3)  of  this  section. 

(1)  Other  FAA  personnel  (e.  g.,  represent¬ 
atives  of  other  divisions  and  specialists)  will 
participate  in  the  flight  tests  when  deemed 
necessary  by  the  T.  C.  Board  to  accomplish  the 
purposes  of  the  tests. 

(2)  When  supplementary  experience  is  ob¬ 
tained  in  airline  operations,  an  FAA  Flight 
Standards  Service  Inspector  vrill  be  assigned 
to  follow  the  operations,  review  the  operator’s 
records,  and  supplement  these  by  reports  to 
the  T.  C.  Board. 

(h)  Test  airplane.  To  facilitate  completion 
of  the  type  certification  procedure  one  airplane 
may  be  used  for  the  official  functioning  and 
reliability  tests  while  another  airplane  (or  air¬ 
planes)  is  used  for  the  routine  type  tests.  In 
this  case  the  test  time  on  at  least  one  airplane 
should  be  sufficient  to  accomplish  the  objective 
of  paragraph  (b)  (2)  of  this  section. 

(i)  Modified  types.  The  procedure  outlined 
in  (h)  applies  to  new  type  designs.  When  a 
design  employs  components  identical  to  those 
used  in  previous  designs,  credit  may  be  given 
for  the  supplementary  experience  available  for 
such  components.  Whan  a  design  is  modified 
(for  example,  several  versions  of  the  same  basic 
type  with  different  engines,  propellers,  etc.),  the 
modified  features  and  components  should  be 
treated  in  accordance  with  paragraph  (d)  (6) 
of  this  section. 

(19  F.  R.  4447,  July  20,  1954,  effective  Sept.  1,  1954, 
amended  20  F.  R.  6677,  Sept.  10,  1955,  effective  Sept. 
30,  1955.) 

4b.l6-4  Flight  tests  (FAA  policies  which 
apply  to  sec.  4.b.l6).  The  policies  outlined  in 
section  4b.402-l  (c)  and  section  4b.402-l  (1) 

(3)  will  apply. 

(20  F.  R.  2279,  Apr.  8,  1955,  effective  Apr.  30, 1955.) 

4b.l7  Airworthiness,  experimental,  and 
production  certificates.  (For  requirements 
with  regard  to  these  certificates  see  Part  1 
of  this  subchaptm-.) 
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4b.l8  Approval  of  materials,  parts, 
processes,  and  appliances. 

(a)  MatfHlals,  parts,  processes,  and  ap> 
pttances  shall  be  approved  upon  a  basis  and  in 
a  nMUin«r  found  necessary  by  the  Adminis* 
trator  to  implement  the  pertinent  provisions 
of  the  regulations  in  this  snbchapter.  The 
Administrator  may  adopt  and  publish  such 
spedflcations  as  he  finds  necessary  to  ad> 
Banister  this  regulation,  and  shall  incorporate 
thmdn  such  portions  of  the  aviation  industry. 
Federal,  and  military  specifications  respecting 
such  materials,  parts,  processes,  and  appliances 
as  he  finds  ^ipropriate. 

Notb:  The  proviaions  of  this  paragraph  are  intended 
to  allow  approval  of  materials,  parts,  processes,  and 
appliances  under  the  system  of  Technical  Standard 
Orders,  or  in  conjunction  with  type  certification  proce* 
dures  for  an  airplane,  or  by  any  other  form  of  approval 
by  the  Administrator. 

(b)  Any  material,  part,  process,  or  ap> 
pilance  shall  be  deemed  to  have  met  the 
requirements  for  approval  when  it  meets  the 
pertinent  spedficafions  adopted  by  the  Ad« 
ministrator,  and  the  manufacture  so  certifies 
in  a  manne  prescribed  by  the  Administrator. 

4b.  18-1  Approval  of  aircraft  materials,  parts, 
processes,  and  appliances  (FAA  rules  which  apply 
to  sec.  4b  18).  Aircraft  materials,  parts,  proc¬ 
esses  and  appliances  made  the  subject  of  Tech¬ 
nical  Standard  Orders  shall  be  approved  upon 
the  basis  and  in  the  manner  prescribed  in  Part 
514  *  of  the  Regulations  of  the  Administrator, 
“Technical  Standard  Orders — C  Series — Air¬ 
craft  Components.” 

(17  F.  R.  10101,  Not.  7, 1952,  effective  Dec.  1, 1952.) 

4b.l8-2  Application  of  Technical  Standard 
Orders — C  Series  (FAA  policies  which  apply  to 
see.  4b.l8). 

(a)  Purpose  of  Technical  Standard  Orders. 
Technical  Standard  Orders  are  a  means  by 
which  the  Administrator  adopts  and  publishes 
the  specifications  for  which  authority  is  pro¬ 
vided  in  section  4b.  18  (a)  of  this  chapter. 

(b)  Apjdicability  of  Technical  Standard  Order 
Reguiretnenls. 

(1)  The  applicability  of  and  effective  dates 
for  T^’d  items  are  set  forth  in  each  TSO. 


*  Part  {14  and  oopiM  of  individual  TSO’s  are  available  upon  applica¬ 
tion  to  tbe  Publiabing  and  Orapbles  Branch,  Attn:  M8-l{8,  Federal 
Aviation  Agency,  Washington  76,  D.C. 


(2)  Each  Technical  Standard  Order  sets 
forth  the  conditions  under  which  materials, 
parts,  processes  and  appliances  approved  by 
the  Administrator  prior  to  establishment  of  an 
applicable  TSO,  may  continue  to  be  used  in 
aircraft. 

(3)  The  establishment  of  a  Technical 
Standard  Order  for  any  product  does  not 
preclude  the  possibility  of  establishing  the 
acceptability  of  a  similar  product  as  part  of  an 
aircraft,  engine  or  propeller,  under  the  type 
certification  or  modification  procedures,  if  there 
is  established  a  level  of  safety  equivalent  to  that 
provided  in  the  Civil  Air  Regulations  as  imple¬ 
mented  by  the  appropriate  Technical  Standard 
Order  and  tbe  product  is  identified  as  a  part  of 
the  airplane,  engine  or  propeller. 

(c)  Administration  of  the  Technical  Standard 
Order  (TSO)  System.  The  principles  which 
apply  in  administering  the  Technical  Standard 
Chders  system  are  as  follows: 

(1)  Technical  Standard  Orders  will  refer¬ 
ence  performance  provisions  of  recognized 
government  specifications,  or  >tablished  in¬ 
dustry  specifications  which  h  ve  been  found 
acceptable  by  the  FAA.  V*  no  satisfactory 
specification  exists,  the  Ordi.rs  will  include 
criteria  prepared  by  the  Administrator.  In 
preparing  criteria  of  this  type,  the  Adminis¬ 
trator  will  give  consideration  to  recommenda¬ 
tions  made  by  the  industry. 

(2)  Minimum  performance  requirements 
established  by  the  Federal  Aviation  Agency 
and  published  in  Technical  Standard  Orders 
will  serve  as  a  means  by  which  materials, 
parts,  processes,  and  appliances  intended  for 
use  in  certificated  aircraft  will  be  accepted. 

(3)  TSO's  set  forth  the  minimum  require¬ 
ments  for  safety.  Every  effort  will  be  made  by 
the  FAA  to  keep  the  requirements  at  the 
minimum  levels  of  safety,  and  TSO's  will  not  be 
used  to  set  forth  “desirable”  standards. 

(4)  It  will  be  the  responsibility  of  the 
person  submitting  a  statement  of  conformance 
to  the  FAA,  certifying  that  bis  product  meets 
the  requirements  of  the  TSO,  to  conduct  the 
necessary  tests  demonstrating  compliance  there¬ 
with.  This  person  will  be  held  responsible  for 
maintaining  quality  control  adequate  to  assure 
that  products  which  he  guarantees  to  meet  the 
requirements  of  a  TSO  do,  in  fact,  meet  these 
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standards.  The  FAA  will  not  formally  approve 
such  products  as  meeting  the  requirements  of 
TSO’s  nor  exercise  direct  inspection  control 
over  them.  The  statement  of  conformance 
with  the  provisions  of  a  Technical  Standard 
Order  normally  will  be  accepted  by  the  FAA  as 
sufficient  indication  that  the  applicable  require¬ 
ments  have  been  fulfilled.  Any  TSO’d  item 
which  is  modified  must  continue  to  comply 
with  the  requirements  of  the  TSO,  and  the 
person  authorizing  the  modification  will  be 
responsible  for  such  compliance. 

(d)  Numbering  of  Technical  Standard  Orders. 
Eadi  Technical  Standard  Order  will  be  assigned 
a  designation  consisting  of  the  letters  '‘TSO/’ 
a  series  code  letter  “C”,  indicating  aircraft 
materials,  parts,  processes,  or  appliances  and  a 
soial  number  to  be  assigned  in  sequence  for 
each  of  the  TSO’s  issued  in  the  “C”  series,  e.  g., 
TSO-C-1,  “Smoke.  Detectors.’’  Revisions  are 
indicated  by  the  addition  of  letters  a,  b,  c,  etc., 
after  the  number. 

(17  F.  R.  10101,  Nov.  7,  1952,  effective  Dec.  1,  1952.) 

4b.  18-3  Manufacturer  (FAA  interpretation 
which  applies  to  sec.  4b.l8  (b)). 

(a)  For  the  purpose  of  accepting  a  statement 
of  conformance  for  a  Technical  Standard  Order 
product,  the  word  “manufacturer”  is  inter¬ 
preted  to  mean  a  person  who  fabricates,  or 
both  fabricates  and  assembles,  a  product  by 
cutting,  drilling,  bolting,  riveting,  gluing, 
soldering,  sewing,  or  other  fabrication  and 
assembly  techniques. 

(b)  A  person  is  not  regarded  as  the  manu¬ 
facturer  solely  by  bis  engaging  in  the  following 
activities: 

(1 )  Distributing  a  completed  product  fabri¬ 
cated  or  fabricated  and  assembled  by  another 
person. 

(2)  Cleaning  and  reassembling  products, 
repairing  products,  or  replacing  components  or 
parts  in  products. 

(23  F.  R.  10325,  Dec.  25,  1958,  effective  Jan.  31 
1959.) 

4b.l8-4  Approval  of  products  under  the  type 
certificate  or  modification  procedures  (FAA 
policies  which  apply  to  sec.  4b. 18(b)).  A  ma¬ 
terial  part,  process,  or  appliance  (hereinafter 
called  “product”)  may  be  approved  as  a  part 


of  the  airplane  type  design  under  a  type  cer¬ 
tificate  or  a  supplemental  type  certificate  in 
accordance  with  the  procedures  provided  in 
this  section. 

Explanatort  Note:  Products  previously  approved 
by  the  CAA  by  means  of  letters  of  approval,  Rejiair 
and  Alteration  Form  ACA-337,  or  listing  on  CAA 
Product  and  Process  Specifications  will  continue  to  be 
eligible  for  installation  in  aircraft  unless  the  eligibility 
is  restricted  by  applicable  regulations  or  airworthiness 
directives  issued  under  section  1.24  of  this  subchapter. 


(a)  Policies  controlling  where  there  is  an  ap¬ 
plicable  Technical  Standard  Order.  If  a  Tech¬ 
nical  Standard  Order  covering  the  product  is 
in  effect,  the  applicant  for  approval  should 
submit  type  design  data  showing  that  the 
product  meets  the  performance  standards  of 
the  Technical  Standard  Order.  Deviations 
from  such  performance  standards  may  be 
allowed  to  the  extent  that  the  applicant  for  the 
type  certificate  or  the  supplemental  type  certi¬ 
ficate  substantiates  that  certain  provisions  of 
the  Technical  Standard  Order  are  not  required 
for  the  product  as  installed  in  the  airplane. 

(b)  Policies  controlling  in  the  absence  of  an 
applicable  Technical  Standard  Order.  Where  no 
TSO  covering  the  product  exists,  the  applicant 
for  approval  should  submit  type  design  data 
showing  compliance  with  all  the  requirements 
of  this  part  which  are  applicable  to  the  product. 
Any  deviation  from  standards  prescribed  in  this 
part  may  be  allowed  only  in  accordance  with 
section  4b.  10. 

(c)  Methods  of  identifying  products  approved 
under  this  section. 

(1)  Products  approved  as  a  part  of  the  air¬ 
plane  type  design  under  a  type  certificate 
should  be  identified  by  an  airplane  part  num¬ 
ber  on  the  approved  drawing  list. 

(2)  Products  approved  as  a  part  of  the  air¬ 
plane  type  design  under  a  supplemental  type 
certificate  should  be  identified  by  a  part  or 
drawing  number  on  such  certificate. 

(3)  Each  TSO  product  that  is  approved 
as  a  part  of  the  airplane  should  have  the  TSO 
identification  removed  and  be  identified  as  set 
forth  in  subparagraph  (1)  or  (2)  of  this  para¬ 
graph,  whichever  is  applicable. 

(23  F.  R.  10325,  Dec.  25,  1958,  effective  Jan.  31, 
1959.) 
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4b.l9  Change*  in  tgpe  deeign.  (For  re*  tions  therefw,  see  sec.  4b.  11  (d)  and  (e),  sad 
qafarements  with  regard  to  changes  in  type  de*  Part  1  of  this  snbchapter.) 
sign  and  the  des^natiim  of  a^cable  regnla* 

Subpart  B — Flight 


General 

4b.  100  Proof  of  eompttanee. 

(a)  Compliance  with  the  requirements  pre* 
scribed  in  this  subpart  shall  be  estabUshed  by 
flight  or  other  tests  conducted  upon  an  airplane 
et  the  type  for  which  a  certiflcate  of  airworthi* 
ness  is  sought  or  by  calculations  based  on  such 
tests,  prorided  that  the  results  obtained  by 
calculations  are  eqniralent  in  accuracy  to  the 
results  of  direct  testing. 

(b)  Compliance  with  each  requirement  shall 
be  established  at  all  appropriate  comUnations 
of  airplane  weight  and  center  of  gravity  positimi 
within  the  range  of  loading  conditions  for  which 
certification  is  sought  by  systematic  investiga* 
tion  of  ail  these  combinations,  except  where 
comidiance  can  be  inferred  reasonably  from 
those  combinations  which  are  investigate. 

(c)  The  controllability,  stability,  trim,  and 
stalling  characteristics  of  the  airfdane  shall  be 
estaUished  at  all  altitudes  up  to  the  maximum 
anticipated  operating  altitude. 

(d)  The  apidicant  shall  provide  a  person  hold* 
ing  an  aiqiropriate  pilot  certificate  to  make  the 
flight  teste,  but  a  designated  representative  of 
the  Administrator  shall  pilot  the  airidane  when 
it  is  found  necessary  for  the  determination  of 
compliance  with  the  airworthiness  require* 
ments. 

(e)  Official  type  teste  shall  be  discontinued 
until  corrective  measures  have  been  taken  by 
the  applicant  when  either: 

(1)  The  aiqiHcant’s  test  pilot  is  unable  or 
nnwilUiig  to  cmidnct  any  of  the  required  flight 
tests,  or 

(2)  It  is  found  that  requirements  which 
have  not  been  met  are  so  substantial  as  to  ren* 
dm  additional  test  data  meaningless  or  are  of 
such  a  nature  as  to  make  further  testing  unduly 
haxardous. 

(f)  Adequate  provisioa  shall  be  made  for 
emergency  egress  and  fm  the  use  of  parachutes 

membms  of  the  crew  during  the  flight  tests. 

(g)  The  andicant  shall  submit  to  the  Ad* 
ministratm’s  representative  a  report  covering 


aU  computations  and  teste  required  in  connec* 
tion  with  calibration  of  instruments  used  for 
test  purposes  and  correction  of  test  results  to 
standard  atmospheric  conditions.  The  Ad* 
ministrator's  representative  shall  conduct  any 
flight  teste  which  he  finds  necessary  to  check 
the  caUbratimi  and  correction  report 

(17  F.  R.  10101,  Nov.  7,  1952,  effective  Dec.  1,  1952.) 

4b.l00-l  Procedure  for  demonstrating  com¬ 
pliance  with  the  flight  requirements  {FAA 
policies  which  apply  to  see.  4^.100  (a)). 

(a)  ResponsUnlity.  The  burden  of  showing 
or  implementing  compliance  with  the  require¬ 
ments  for  an  airworthiness  or  a  type  certificate 
rests  with  the  applicant.  The  applicant  should 
at  his  own  expense  and  risk,  conduct  such 
official  flight  tests  as  determined  by  the  FAA  to 
demonstrate  compliance  with  the  minimum 
requirements.  During  the  type  inspection  the 
applicant  should  make  available  the  airplane 
for  that  purpose  as  well  as  all  of  the  personnel 
and  equipment  necessaiy  to  obtain  the  required 
data. 

(b)  Tolerances  permitted  for  flight  tests. 

(1)  General.  The  tolerances  in  (b)  (2)  of 
this  section  are  the  allowable  deviation  from 
specified  flight  conditions  for  a  particular  test. 
They  are  not  allowable  tolerances  on  specific 
requirements,  nor  are  they  to  be  considered  as 
allowable  inaccuracy  of  measurement  or  of  tbe 
method  of  determination.  As  an  example, 
when  demonstrating  stability  with  specified 
trim  speed  of  1.4  F«,,  the  trim  speed  may  be  1.4 
F»i±3  m.  p.  h.  or  3  percent;  however,  no  posi¬ 
tive  tolerance  is  permitted  when  demonstrating 
the  minimum  prescribed  trim  speed  of  1.4  Vsi. 

(i)  Where  variation  in  die  parameter 
on  which  a  tolerance  is  allowed  will  have  an 
appreciable  effect  on  the  test,  tbe  result  should 
be  corrected  to  the  standard  value  of  the 
parameter;  otherwise,  no  correction  is  necessary. 
The  applicant  may  adhere  to  closer  tolerances 
if  he  so  desires. 
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(ii)  The  following  list  indicates  the  cases 
in  which  correction  for  tolerances  should  be 
made: 


Test 

Weight 

C.  G. 

Air 

Power 

Wind 

speed 

AiripeedoaUbrstion. 

! 

Stall  speeds _ 

X 

All  elimba.. _ _ 

X 

X 

Landiiigs. _ 

X 

X 

X 

TakeoCf. . 

X 

X 

X 

X 

Aooelerate _ 

X 

X 

X 

X 

Decelerate _ 

X 

X 

X 

Stability  and  con- 

troL 

Minimum  control 

X 

speed. 

(2)  Individual  tclerancea.  The  foi  lowing 
are  general  tolerances  from  specified  values 
permitted  during  FAA  testing.  These  toler¬ 
ances  apply  unless,  for  a  particular  test,  other 
tolerances  are  set  forth  in  the  testing  procedure. 
These  tolerances  are  plus  or  minus  variations 
unless  otherwise  noted  in  the  particular  test: 

lUm  Tolerance 

Weight  +5%,- 10% 

Critical  items  af-  +5%,— 1% 
fected  by  weight 

C.  G.  7%  total  travel 

Airspeed  3  m.  p.  h.  or  ±3%  which¬ 

ever  is  greater 
Power  6% 

Wind  (takeoff  and  As  low  as  possible  but  not 
landing  tests)  to  exceed  approximately 
12%  Vei  or  12  m.  p.  h., 
whichever  islower,  along 
the  runway — ^measured 
at  a  height  of  6  feet 
above  the  runway  sur¬ 
face. 

(c)  Type  InepeeUon  Report. 

(1)  All  information  and  data  obtained  as 
a  result  of  the  type  inspection  investigation  and 
tests  should  be  reported  in  Form  FAA  283-4b, 
Type  Inspection  Report. 

(2)  Upon  completion  of  the  type  inspec¬ 
tion,  the  applicant  should  prepare  the  infor¬ 
mation  necessary  to  show  compliance  with  the 
requirements.  This  material  together  with  the 


Airplane  Flight  Manual  required  by  section 
4b.740  should  be  completed  as  promptly  as 
possible  and  forwarded  to  the  FAA. 

(10  F.  R.  4448,  July  20, 1054,  effective  Sept.  1, 1054.) 

4b.  100-2  Selection  of  weight,  altitudes,  speeds 
and  wing  flap  positions  {FAA  policies  which 
apply  to  see.  Ib.lOO  (b)).  Before  starting 
official  flight  tests,  certain  data  should  be 
obtained  by  the  applicant  in  order  that  the 
options  prescribed  in  paragraphs  (a)  through 
(e)  of  this  section  can  be  executed: 

(a)  The  selection  of  the  range  of  weight  and 
altitude  to  he  covered  by  the  flight  teeing  required 
for  certification.  This  selection  should  be  based 
upon  the  extent  to  which  the  applicant  for  cer¬ 
tification  is  concerned  with  the  operating  limi¬ 
tations  which  will  be  imposed  upon  the  airplane. 
If  the  applicant  is  not  concerned  with  this 
point,  he  may  elect  to  conduct  only  the  flight 
tests  required  to  demonstrate  compliance  with 
the  minimum  performance  requirements  con- 
tmned  in  section  4b.  110  together  with  those 
required  to  demonstrate  compliance  with  the 
fl3ring  qualities  and  other  requirements  specified 
in  sections  4b.l30  through  4b.l90.  If  it  is 
practicable  to  limit  the  operation  of  the  air¬ 
plane  by  a  scheduled  air  carrier  to  sea  levie  air¬ 
ports  containing  runways  of  ample  length  and 
to  terrain  altitude  not  in  excess  of  4,000  feet, 
this  procedure  appears  satisfactory.  It  should 
be  noted  that  this  case  could  apply  to  a  sea¬ 
plane  in  scheduled  operation.  If  the  applicant 
wishes  to  provide  for  the  greatest  possible 
flexibility  in  the  matter  of  compliance  with  the 
operating  limitations  contained  in  section  40.70 
of  this  subchapter,  considerably  more  perform¬ 
ance  tests  will  be  necessary.  It  may  be  entirely 
practicable,  for  example,  for  operation  over 
routes  involving  appreciable  differences  in  the 
altitude  of  airports,  to  take  advantage  of  the 
improvement  in  performance  which  is  possible 
by  means  of  reducing  the  weight  at  which  the 
airplane  is  operated.  It  may  also  be  desirable 
to  alter  the  various  flap  settings  in  order  to 
improve  the  climbing  p^ormance  at  a  given 
weight.  In  cases  such  as  these,  it  will  be 
necessary  to  determine  by  flight  testing  and 
calculation,  the  effect  of  weight,  altitude,  and 
flap  setting,  throughout  the  range  of  each  for 
which  it  is  desired  to  provide,  upon  the  takeoff, 
landing,  and  climbing  performance  and  to  in- 
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elude  this  information  in  the  FAA  Approved 
Airplane  Flight  Manual.  This  selection  will 
be  left  to  the  applicant  since,  even  though  he 
may  find  it  difficult  to  anticipate  the  uses  to 
which  the  airplane  may  subsequently  be  put,  he 
is  nevertheless  in  better  position  to  forecast  this 
than  anyone  else. 

(b)  2^  selection  of  the  weight  range  to  he 
covered  by  the  terms  of  the  certification.  This 
selection  is  closely  related  to  paragraph  (a)  of 
this  section  and  should  be  based  upon  essentially 
the  same  considerations.  The  simplest  possible 
selection  of  weights  is  a  single  maximum  weight 
to  be  used  both  for  takeoff  and  landing  and  as  a 
basis  for  the  operating  limitations.  The  next 
simplest  choice  would  appear  to  be  a  maximum 
takeoff  weight  and  a  maximum  landing  weight 
differing  from  takeoff  weight.  This  choice  re¬ 
quires  the  installation  of  fuel  jettisoning  equip¬ 
ment  (when  the  takeoff  weight  exceeds  the 
landing  weight  by  more  than  5  percent)  of  suffi¬ 
cient  capacity  to  reduce  the  weight  of  the  air¬ 
plane  from  the  maximum  takeoff  weight  to  the 
maximum  landing  weight  in  compliance  with 
section  4b.437.  The  operating  limitations  may 
then  be  based  upon  the  assumption  that  these 
two  weights  exist  throughout  each  flight.  The 
most  flexible  possible  arrangement  in  the  matter 
of  weights  is  provided  by  selecting  a  range  of 
weights  for  takeoff  and  a  range  for  landing,  and 
determining  the  performance  as  functions  of 
these  weights  so  that,  in  showing  compliance 


with  the  operating  limitations,  any  weight 
within  these  ranges  may  be  selected  to  fit  the 
requirements  of  a  particular  route.  This  selec¬ 
tion  should  be  left  with  the  applicant. 

(c)  The  selection  of  the  range  of  altitude  to  be 
covered  by  the  terms  of  the  certification.  This 
selection  is  also  closely  related  to  pa  ragraph 
(a)  of  this  section  and  is  analogous  in  its  na  ture 
to  paragraph  (a)  of  this  section.  The  simplest 
possible  selection  is  that  indicated  by  the 
minimum  performance  requirements  contained 
in  section  4b.  110,  namely,  sea  level  for  the 
purposes  of  the  determination  of  the  takeoff 
and  landing  distances  and  certain  of  the  rates 
of  climb  at  5,000  feet  for  the  purpose  of  deter¬ 
mining  the  en  route  rates  of  climb.  The  selec¬ 
tion  providing  the  greatest  possible  flexibility  is 
the  one  in  which  these  items  of  performance  are 
determined  for  a  range  of  altitude  great  enough 
to  cover  all  anticipated  routes  over  which  the 
airplane  may  be  operated. 

(d)  The  selection  of  the  wing  flap  positions 
desired  for  certification.  Policies  outlined  in 
section  4b.  111-1  will  apply  to  this  selection. 

(e)  The  selection  of  the  critical  speed*  to  he 
used  in  the  determination  of  the  takeoff  distance. 
Policies  outlined  in  section  4b.  113-2  will  apply 
to  this  selection. 

(19  F.  R.  4449,  July  20,  1954,  effective  Sept.  1,  1954.) 

*  The  practical  effect  of  the  selection  of  this  speed  is  that  it  permits  the 
applicant  to  define  in  the  type  certificate  the  limits  of  airplane  weight 
and  airport  altitude  within  which  the  airplane  may  be  operated  by  a 
scheduled  air  carrier  in  compliance  with  Part  40  of  this  subebapter. 


Discussion  of  Policies  Relating  to  Flying  Qualities  in  Section  4b.  100-3 

The  relation  between  flying  qualities  (controllability,  stability,  trim, 
stalling  characteristics)  and  safety  involves  the  level  of  skill  and  the  degree  of 
attention  required  on  the  part  of  the  pilot  to  fly  the  airplane.  It  is  theoretically 
possible  to  design  an  airplane  which  cannot  be  flown  by  a  single  pilot  because, 
for  example,  he  may  not  have  enough  strength,  or  alternatively  a  sufficiently 
delicate  touch,  to  operate  the  controls  or  there  may  be  so  many  necessary 
operations  that  he  cannot  perform  all  of  them  within  the  required  time.  The 
flight  tests  pertaining  to  flying  qualities  are  specified  in  sections  4b.  130  through 
4b.  133,  sections  4b.  140  through  4b.  144,  sections  4b.  150  through  4b.  158,  sections 
4b.l60  through  4b.l62  and  sections  4b.l70  and  4b.l71.  These  requirements 
cover  the  more  important  characteristics  and  loading  conditions  which  have 
been  agreed  to  be  critical  or  representative  of  flight  regimes.  If  the  airplane 
passes  the  tests  no  investigation  of  other  loading  conditions  will  ordinarily  be 
required. 
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4b.  100-3  Flying  qyuditiea  {FAA  policies 
which  apply  to  sec.  J^h.lOO  (e)). 

(a)  It  should  be  possible  to  operate  the  air¬ 
plane  safely  at  all  anticipated  altitudes  without 
requiring  exceptional  attention  and  skill  by  the 
pilot  or  appropriate  crew  members. 

(b)  If  there  is  less  than  2  m.  p.  h.  difference 
in  the  forward  and  rearward  c.  g.  stalling 
speeds,  all  flying  qualities  may  be  based  upon 
the  forward  c.  g.  stalling  speeds.  Otherwise,  the 
stalling  speed  appropriate  to  the  c.  g.  position 
should  be  used. 

(c)  If  there  is  reason  to  believe  that  any  of 
the  flying  qualities  would  be  affected  by  alti¬ 
tude,  they  should  be  investigated  for  the  most 
adverse  altitude  condition  expected  in  normal 
operation. 

(19  F.  R.  4449,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.l01  Weight  limitations.  The  maxi* 
man  and  minimom  weights  at  which  the  air* 
plane  will  he  soitahle  for  operation  shall  he 
estahttahed  as  ftdlows: 

(a)  Maximum  weights  shall  not  exceed  any 

the  following: 

(1)  The  weight  selected  hy  the  applicant: 

(2)  The  design  weight  for  which  the 
stmctnre  has  been  proven; 

(3)  The  maximam  weight  at  which  com* 
pHance  with  all  of  the  andicable  flight  require* 
meats  has  been  demonstrated. 

(b)  It  shall  be  acceptable  to  establish  maxi* 
mnm  weights  for  each  altitude  and  for  each 
practicably  separable  operating  condition  (e.  g., 
takeoff,  en  route,  landing). 

(c)  Minimum  weights  shall  not  be  less  than 
any  of  the  following: 

(1)  The  minimum  weight  selected  by  the 
ap^cant; 

(2)  The  design  minimum  weight  for  which 
the  structure  has  been  proven; 

(3)  The  minimum  weight  at  which  com* 
idiance  with  all  of  the  applicable  flight  require* 
meats  has  been  demonstrated. 

4b.l02  Center  of  gravity  limitations. 
Center  of  gravity  limits  shall  be  established 
as  the  most  forward  position  permissible  and 
the  most  aft  position  permissible  for  each 
practicably  separable  operating  condition  in 
accordance  with  section  4b.l01  (b).  Limits  of 


4b.  105-1 

the  center  of  gravity  range  shall  not  exceed 
any  of  the  following: 

(a)  The  extremes  selected  by  the  applicant; 

(b)  The  extremes  for  which  the  structure 
has  been  proven ; 

(c)  Tbe  extremes  at  which  compliance  with 
all  of  the  apidicable  flight  requirements  has 
been  demonstrated. 

4b.l03  Additiorud  limitations  on  weight 
distribution.  If  a  weight  and  center  of  grav¬ 
ity  combination  is  permissible  only  within  cer* 
tain  load  distribution  limits  (e.  g.,  spanwise) 
which  could  be  exceeded  inadvertently,  such 
limits  shall  be  established  together  with  the 
corresponding  weight  and  center  of  gravity 
combinations,  and  shall  not  exceed  any  of  the 
following: 

(a)  The  limits  selected  by  the  ap^cant; 

(b)  The  limits  for  which  the  structure  has 
been  proven; 

(c)  The  limits  for  which  compliance  with  aU 
the  applicaMe  flight  requirements  has  been 
demonstrated. 

4b.l04  Empty  weight. 

(a)  The  empty  weight  and  the  corresponding 
center  of  gravity  position  shall  be  determined 
by  weighing  the  airplane.  This  weight  shall 
exclude  the  weight  of  the  crew  and  payload, 
but  shall  include  the  weight  of  all  fixed  ballast, 
unusable  fuel  supply  (see  sec.  4b.416),  un* 
drainable  oil,  and  total  quantity  of  hydraulic 
fluid. 

(b)  The  condition  of  the  airplane  at  the  time 
of  weighing  shall  be  one  which  can  be  easily 
repeated  and  easUy  defined,  particularly  as 
regards  the  contents  of  the  fuel  and  oil  tanks, 
and  the  items  of  equipment  installed. 

4b.l05  Use  of  ballast.  It  shall  be  ac* 
ceptable  to  use  removable  ballast  to  enable  tbe 
air^ne  to  comply  with  the  flight  requirements. 
(See  secs.  4b.738  and  4b.741  (c).) 

(19  F.  R.  4449,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b. 105-1  Use  of  ballast  during  flight  tests 
{FAA  policies  which  apply  to  sec.  4b.l05). 
Ballast  should  be  carried  during  the  flight  tests 
whenever  it  is  necessary  to  simulate  pay  load. 
Consideration  should  be  given  to  the  vertical 
as  well  as  horizontal  location  of  the  ballast  in 
cases  where  it  may  have  an  appreciable  effect 
on  the  performance  or  flying  qualities  of  the 
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airpluie.  The  strength  of  the  supporting 
structures  should  be  adequate  to  preclude  their 
failure  as  a  result  of  the  flight  loads  that  may 
be  imposed  during  the  tests. 

(10  F.  R.  4440,  July  20,  1954,  effective  Sept.  1,  1954.) 

Performance 

4b.  110  CfeneraL 

(a)  With  respect  to  all  airplanes  type  cer- 
tiflcated  on  or  after  February  12,  1951,  the 
performance  prescribed  in  this  subpart  shall 
be  determined,  and  compliance  shall  be  shown, 
for  standard  atmospheric  conditions  and  still 
air,  except  that  the  performance  as  affected  by 
engine  power,  instead  of  being  based  on  dry  air, 
shall  be  based  on  80  percent  relative  humidity. 

(b)  Each  set  of  performance  data  required 
for  a  particular  flight  condition  shall  be  deter* 
mined  with  the  powerpiant  accessories  absorb¬ 
ing  the  normal  amount  of  power  appropriate  to 
that  flight  condition.  (See  also  sec.  4b.ll7.) 

4b.  110-1  Engine  power  correctiQris  (FAA 
policies  which  apply  to  see.  4^.110). 

(a)  Engine  power  corrections  jor  vapor  pres¬ 
sure.  The  following  standard  vapor  pressure, 
specific  humidities,  and  densities  versus  altitude 
have  been  established  for  the  purpose  of  cor¬ 
recting  airplane  performance  data  in  accordance 
wi*h  section  4b.  110. 


Auitws 

H 

(«.) 

Vapok 
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(iii.H».) 

Sracmc 

Homiditt 

w 
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a.  iff  sir) 
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0 
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.  354 
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.  96672 

2,000 

.  311 

.00703 

.  93895 

3,000 

.272 

.00638 

.91178 

4,000 

.238 

.  00578 

.88514 

5,000 

.207 

.  00523 

.85910 

6,000 

.  1805 

.00472 

.  83361 

7,000 

.  1566 

.00425 

.80870 

8,000 

.  1356 

.  00382 

.  78434 

9,000 

.  1172 

.00343 

.  76053 

10,000 

.  1010 

.00307 

.  73722 

15,000 

.0463 

.  001710 

.  62868 

20,000 

.  01978 

.  000896 

.  53263 

25,000 

.00778 

.000436 

.44806 

(b)  Engine  power  corrections  for  cylinder 
head  temperatures.  Official  flight  tests  should 
be  discontinued  whenever  engine  limitations 


are  exceeded.  This  procedure  automatically 
makes  corrections  of  this  type  unnecessary. 

(c)  Engine  power  corrections  for  fuel  flow. 
Official  flight  tests  should  not  be  conducted 
when  the  metering  characteristics  of  the  car¬ 
buretor  are  outside  the  range  of  acceptable 
tolerances.  This  procedure  automatically  makes 
corrections  for  fuel-air  mixture  ratio  in  per¬ 
formance  evaluation  unnecessary. 

(19  F.  R.  1817,  Apr.  2,  1954,  effective  Apr.  2,  1954; 
amended  23  F.  R.  7482,  Sept.  26,  1958,  effective 
Oct.  20,  1958.) 

4b.  110-2  Engine  power  calibration  {FAA 
policies  which  apply  to  sec.  4b. 110).  The 
performance  of  an  airplane  established  in 
accordance  with  the  requirements  of  sections 
4b.ll0  through  4b. 125  and  shown  in  the 
performance  section  of  the  Airplane  Flight 
Manual  should  be  reproducible  by  any  airplane 
of  a  similar  model  having  engines  that  deliver 
no  more  than  100  percent  certificated  rated 
power.  This  means  that  the  power  used  to 
drive  all  accessories,  other  than  those  necessary 
to  the  functioning  of  the  engine,  should  bo 
deducted  from  the  certificated  rated  or  installed 
engine  power,  whichever  is  less.  To  assist  in 
meeting  these  objectives,  the  engine  power  o' 
all  new  t3rpe  airplanes  as  defined  by  sectior 
4b.ll  (e)  should  be  calibrated  in  accordanc' 
with  paragraphs  (a)  through  (c)  of  this  section . 

(a)  Corrections  to  the  calibrated  power  for 
engines  producing  power  above  the  certificated 
ratings. 

(1)  The  applicant  should  provide  engine 
power  output  data  obtained  from  dynamometer 
tests,  or  the  equivalent  thereof,  for  all  engines 
that  are  installed  in  the  airplane  which  will  be 
used  in  the  power  calibration  flight  tests.  The 
data  should  be  sufficiently  complete  to  allow 
a  direct  comparison  with  the  approved  certifi¬ 
cated  ratings  of  the  engines. 

(2)  If  the  d3nQamometer  calibration  data  for 
any  engine  selected  for  the  inflight  power  calibra¬ 
tion  in  accordance  with  the  provisions  of  para¬ 
graph  (b)  of  this  section  indicate  that  the  power 
(based  on  standard  atmospheric  conditions  for 
the  engine)  is  higher  than  the  certificated  rating 
for  the  engine  model,  the  calibrated  power  curve 
established  as  a  result  of  flight  tests  in  para¬ 
graphs  (b)  and  (c)  of  this  section  should  be 
corrected  by  applying  the  following  power  re- 
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duction:  100  percent  of  the  power  increment 
between  the  dynamometer  calibration  and  the 
certificated  engine  rating  at  sea  level,  and  47 
percent  of  the  sea  level  power  increment  applied 
at  an  altitude  of  20,000  feet  with  a  lineal  varia¬ 
tion  between  these  two  points  throughout  the 
operating  altitude  range  of  the  airplane.  If  the 
calibrated  power  curve  established  as  a  result  of 
the  fiight  tests  represents  an  average  power  for 
more  than  one  engine,  it  should  be  corrected  by 
applying  a  power  reduction  equivalent  to  the 
average  power  difference  between  the  dynamom¬ 
eter  and  the  rated  power  for  ail  engines  used 
in  the  flight  calibration  tests.  The  application 
of  other  correction  methods  and  values  that  will 
adjust  the  power  data  on  the  basis  of  the  cer¬ 
tificated  rating  of  the  engine  throughout  the 
operating  altitude  range  of  the  airplane  are 
acceptable  if  they  can  be  substantiated. 

(b)  Sdedion  of  engines  for  power  calibration 
in  flight.  With  the  exception  of  the  critical 
inoperative  engine,  the  number  of  engines  which 
will  be  used  as  a  basis  for  power  calibration  is 
left  to  the  option  of  the  applicant.  However, 
the  procedure  specified  in  this  paragraph  should 
be  followed  to  determine  which  engine(3)  should 
be  selected  for  establishing  the  basic  cdibrated 
power  curve. 

(1)  The  installed  power  of  all  engiaes 
should  be  compared  in  flight  by  means  of  cali¬ 
brated  torquemeters  or  other  equivalent  meth¬ 
ods.  If  a  calibrated  power  curve  is  to  be  estab¬ 
lished  on  the  basis  that  all  engine  driven  acces¬ 
sories  wUl  be  in  operation  during  flight,  the 
comparison  should  be  made  under  full  accessory 
load  conditions.  If  a  separate  calibrated  power 
curve  is  to  be  established  for  application  to 
those  test  configurations  where  certain  acces¬ 
sories  will  not  be  in  operation,  the  power  of  all 
engines  may  be  compared  when  these  acces¬ 
sories  are  in  the  appropriate  idling  or  off  ,  osi- 
tion.  In  this  case  it  will  be  necessary  to  provide 
data,  indicating  accessory  load  requirements  for 
those  flight  configurations  and  the  particular 
engineCs)  from  which  the  power  is  obtained. 

(2)  For  two-engine  aircraft  it  is  only 
necessary  to  calibrate  the  engine  which  pro¬ 
duces  the  lesser  power  determined  by  comparing 
the  results  of  the  torquemeter  indications  in 
accordance  with  subparagraph  (1)  of  this  para¬ 
graph  for  the  most  critical  accessory  load  condi¬ 


tion  and  taking  into  consideration  the  appro¬ 
priate  power  reduction  when  the  engine  dyna¬ 
mometer  test  output  is  above  the  rated  power 
for  the  engine.  All  performance  data  scheduled 
in  the  Airplane  Flight  Manual  should  be  based 
on  the  calibrated  power  curve  established  for 
this  engine.  If  the  applican  t  desires  to  calibrate 
the  power  of  both  engines,  only  the  all-engine- 
operating  perforn??ance  data  should  be  based 
on  a  curve  representing  the  average  power  for 
the  two  engines. 

(3)  When  the  applicant  desires  to  cali¬ 
brate  the  power  of  one  engine  for  aircraft  having 
more  than  two  engines,  the  engine  selected 
should  be  that  which  delivers  the  lowest  power, 
determined  by  comparing  the  results  similarly 
as  in  the  case  of  the  two-engine  aircraft  in  sub- 
paragraph  (2)  of  this  paragraph.  All  fu-rform- 
ance  data  scheduled  in  the  Airplane  Flight 
Manual  should  be  based  on  the  calibrated 
power  curve  established  for  this  engine.  If  the 
applicant  desires  to  calibrate  the  power  of  two 
engines,  the  calibrated  power  curve  should  be 
based  on  values  representing  an  average  of  the 
two  engines  delivering  the  lowest  power. 

(4)  The  procedure  in  subparagraph  (3) 
of  this  paragraph  should  be  followed  if  the 
applicant  desires  to  calibrate  the  power  of  more 
than  two  engines,  however,  the  Airplane  Flight 
Manual  performance  data  should  be  based 
upon  an  average  calibrated  power  curve  which 
has  been  derived  from  not  more  than  the  actual 
number  of  engines  in  operation  corresponding 
to  the  test  configuration  for  which  performance 
is  established.  This  procedure  is  not  necessary, 
for  example,  in  the  ase  where  the  average  power 
curve  for  two  and  three  engines  is  substantially 
equal.  However,  the  third  engine  may  be 
calibrated  to  obtain  additional  data  which  will 
permit  a  more  accurate  fairing  of  the  calibrated 
power  curve. 

(5)  If  the  results  of  the  flight  tests 
indicate  that  the  power  of  any  engine  selected 
in  accordance  with  the  provisions  of  this 
paragraph  exceeds  mted  power  after  the  appli¬ 
cation  of  the  dynamometer  correction  specified 
in  paragraph  (a)  of  this  section,  the  calibrated 
power  curve  for  application  to  performance 
testing  should  be  based  upon  not  more  than 
certificated  rated  power  of  the  engine  with  the 
power  to  drive  the  accessories  deducted. 
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(c)  Flight  test  procedure  for  calibrating  engine 
power.  The  engine  calibration  flight  testa 
should  be  conducted  in  accordance  with  the 
provisions  specified  in  this  paragraph. 

(1)  The  critical  altitudes  of  the  engine 
should  be  established  for  takeoff  power  and 
maximum  continuous  power  providing  these 
critical  altitudes  lie  below  the  highest  operating 
altitude  desired  for  certification.  Critical  alti¬ 
tudes  need  not  be  determined  above  the  maxi¬ 
mum  operating  altitude  of  the  airplane. 

(2)  For  engine  installations  specifically 
designed  to  indicate  power  by  means  of  torque- 
meters,  the  engine  power  calibration  tests 
as  well  as  all  performance  tests  which  are 
affected  by  power  should  be  obtained  with 
calibrated  torquemeters. 

(3)  All  engine  adjustments  such  as  igni¬ 
tion  timing,  valve  clearances,  air-fuel  ratios, 
fuel  flow  rates,  antidetonant  injection  flow 
rates,  etc.,  should  be  maintained  within  ap¬ 
proved  limits  for  the  engine.  If  any  permanent 
changes  are  made  to  the  engine  or  powerplant 
installation  during  the  type  certification  tests, 
and  such  changes  result  in  an  engine  power 
output  less  than  that  established  in  the  cali¬ 
brated  power  data,  then  all  performance  data 
should  be  corrected  to  this  lower  power. 

(4)  The  engine  power  calibration  tests 
should  be  conducted  in  an  atmosphere  which  is 
free  of  any  visible  moisture. 

(5)  The  engine  power  calibration  tests 
should  be  conducted  in  the  configurations  that 
follow: 

(i)  Takeojff  povxr. 

Weight — maximum  takeoff. 

C.  G.  position — optional. 

Wing  flaps — takeoff  position. 

Landing  gear — ^retracted. 

Operating  engine(s) — takeoff  r.  p.  m. 
and  manifold  pressure  or  full  throt¬ 
tle,  mixture  setting  at  normal  posi¬ 
tion  for  takeoff  power,  carburetor 
air  heat  control  at  cold  and  cowl 
flaps  in  takeoff  position  (see  sec. 
4b.ll8-l  (d)  (1)). 

Critical  inoperative  engine — throttle 
closed  on  highest  powered  engine, 
propeller  windmilling  in  takeoff 
pitch  (may  be  feathered  if  auto¬ 
matic  feathering  device  is  installed). 


mixture  setting  at  die  cut-off  and 
cowl  flaps  in  takeoff  position  (see 
sec.  4b.ll8-l  (d)  (1)). 

(ii)  Maximum  continuous  power. 

Weight — maximum  takeoff. 

C.  G.  position — optional. 

Wing  flaps — en  route  position. 

Landing  gear — retracted. 

Operating  engine  (s) — maximum  con¬ 
tinuous  r.  p.  m.  and  manifold  pres¬ 
sure  or  full  throttle,  mixture  setting 
at  normal  position,  carburetor  air 
heat  control  at  cold  and  cowl  flaps  at 
FAA  hot  day  cooling  position. 

Critical  inoperative  engine — throttle 
closed  on  highest  powered  engine, 
propeller  feathered  and  cowl  flaps 
in  minimum  drag  position. 

(6)  Test  procedure  and  required  data.  The 
engine  power  calibration  tests  should  be  con¬ 
ducted  in  a  climbing  attitude  at  the  takeoff 
safety  speed,  Fj,  with  the  use  of  takeoff  power 
and  at  the  en  route  climb  speed  with  the  use  of 
maximum  continuous  power.  The  climbs 
should  be  started  at  the  lowest  practicable  alti¬ 
tude  and  cover  the  altitude  range  desired  for 
certification.  During  these  tests  the  engine (s) 
should  be  operated  within  the  approved  limits 
for  r.  p.  m.,  manifold  pressures,  temperatures, 
etc.  The  following  data  should  be  recorded  at 
reasonable  time  intervals  for  each  power  con¬ 
dition: 

Pressure  altitude. 

Ambient  air  temperature. 

Humidity. 

Indicated  air  speed. 

Engine (s),  r.  p.  m.  and  manifold  pressure. 

Torque  pressure. 

Cylinder  head  temperatures. 

Carburetor  air  temperature. 

Fuel  flow  rate. 

Antidetonant  injection  flow  rate. 

In  addition  a  record  should  be  made  of  the 
following  items: 

Fuel  grade. 

Wing  flap  position. 

Landing  gear  position. 

Cowl  flap  position. 

Mixture  setting. 

Blower  setting. 

Accessory  power  loads  and  distribution. 
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(d)  Engine  power  cheeks.  A  suitable  means 
should  be  established  by  which  engine  power 
may  be  compared  after  overhauls  with  the  orig¬ 
inal  calibrated  power  data  obtained  as  a  result 
of  the  type  certification  tests. 

(21  F.  R.  8417,  Nov.  3,  1956,  effective  Nov.  30, 1956.) 

4b.lU  Wing  Hap  pontiona. 

(a)  The  wing  flap  positions  denoted  re¬ 
spectively  as  the  takeoff,  en  route,  approach, 
and  lan^g  positions  shall  be  selected  by  the 
applicant.  (See  also  sec.  4b.323.) 

(b)  It  shall  be  acceptable  to  make  the  flap 
positions  variable  with  weight  and  altitude. 

4b.  11 1-1  Selection  of  the  wing  flap  positions 
{FAA  policies  which  apply  to  sec.  ^h.lll). 

(a)  In  the  selection  of  the  wing  flap  positions 
desired  for  certification,  the  flap  position  indi¬ 
cator  should  show  flap  up,  takeoff,  en  route, 
approach,  and  landing  positions.  Various  items 
of  performance  are  required  to  be  determined 
at  each  of  these  flap  positions.  Section  4b.  120 
(d)  requires  that  the  stalling  speed  with  the 
flap  in  the  “approach”  position  should  not 
exceed  110  percent  of  the  stalling  speed  with 
the  flap  in  the  “landing”  position.  No  plans 
for  flight  testing  should  be  made  until  these 
positions  are  selected  unless  the  applicant 
wishes  to  investigate  systematically  the  effect 
of  flap  position  upon  each  of  several  of  the 
items  of  performance  which  should  be  de¬ 
termined  at  the  nominal  position  to  be  selected. 

(b)  The  selection  of  multiple  sets  of  wing 
flap  positions  is  permitted  in  order  to  obtain 
optimum  performance  at  various  airports- 
However,  it  is  recommended  that  the  approval 
of  multiple  flap  position  settings  for  any  one 
airplane  be  limited  to  two  or  at  the  most  three.® 

(c)  A  reasonable  number  of  takeoff  flap 
settings  in  excess  of  three  may  be  approved  for 
operation  under  Civil  Air  Regulations,  Parts 
40,  41,  42,  and  43  of  this  chapter,  if  a  dis¬ 
patch  procedure  is  established  to  provide  per- 

■  The  reason  for  recommending  a  limited  number  of  flap  settings  is 
due  to  the  increasing  complexity  of  T K»tegory  operation  with  the  increas¬ 
ing  number  of  variables  such  as  power  ratings,  takeoff  flap  settings  and 
associated  dimb  speeds,  temperature  accountability,  etc.,  which  are 
contained  in  the  Aitpiane  Flight  Manual.  Each  additional  set  of  flap 
positions  approved  increases  the  complexity  with  which  the  performance 
infbrmation  in  the  Airplane  Flight  Manual  can  be  evaluated  to  provide 
the  proper  level  of  safety,  parttculaily  in  the  takeoff  flight  stage. 


tinent  operating  limitations  for  the  particular 
takeoff  involved. 

(19  F.  R.  4449,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.  112  Stalling  speeds. 

(a)  The  speed,  Vso,  shall  denote  the  cali¬ 
brated  stalling  speed,  or  the  minimum  steady 
flight  speed  at  which  the  air^ane  is  controllable, 
in  miles  per  hour,  with: 

(1)  Engines  idling,  throttles  closed  (or 
not  more  than  sufficient  power  for  zero  thrust 
at  a  speed  not  greater  than  110  percent  of  the 
stalling  speed); 

(2)  Propeller  pitch  controls  in  the  poation 
normally  used  for  takeoff ; 

(3)  Landing  gear  extended ; 

(4)  Wing  flaps  in  the  landing  position ; 

(5)  Cowl  flaps  closed ; 

(6)  Center  of  gravity  in  the  most  unfavor¬ 
able  position  within  the  allowable  landing  range; 

(7)  The  weight  of  the  airplane  equal  to  the 
weight  in  connection  with  which  Vso  is  being 
used  as  a  factor  to  determine  a  required  per¬ 
formance. 

(b)  The  speed,  shall  denote  the  cali¬ 
brated  stalling  speed,  or  the  minimum  steady 
flight  speed  at  which  the  air^ane  is  controllable, 
in  miles  per  hour,  with: 

(1)  Engines  idling,  throttles  closed  (or  not 
more  than  sufficient  power  for  zero  thrust  at  a 
speed  not  greater  than  110  percent  of  the  stalling 
speed); 

(2)  Propeller  pitch  controls  in  the  position 
normally  used  for  takeoff,  the  airplane  in  all 
other  respects  (flaps,  landing  gear,  etc.)  in  the 
particular  condition  existing  in  the  particular 
test  in  connection  with  which  Vsi  is  being  used ; 

(3)  The  weight  of  the  airplane  equal  to 
the  weight  in  connection  with  which  Fs,  is  being 
used  as  a  factor  to  determine  a  required  per¬ 
formance. 

(c)  The  stall  speeds  defined  in  this  section 
shall  be  the  minimum  speeds  obtained  in  flight 
tests  conducted  in  accordance  with  the  proce¬ 
dure  of  subparagraphs  (1)  and  (2)  of  this 
paragraph. 

(1)  From  a  speed  sufficiently  above  the 
stalling  speed  to  assure  steady  conditions,  the 
elevator  control  shall  be  applied  at  a  rate  such 
that  the  airplane  speed  reduction  does  not  ex¬ 
ceed  one  mile  per  hour  per  second.  This 


21 


4b.ll2-l 


AIRPLANE  airworthiness;  TRANSPORT  CATEGORIES 


CAM  4b 


BuneuTer  shall  be  performed  with  the  airplane 
trimmed  at  a  speed  of  1.4  Vst,  except  that  air- 
plaiies  utilising  adjustable  stabilizers  may  be 
trimmed  at  a  speed  selected  by  the  applicant 
but  not  less  than  1.2  F«i,  nor  greater  than  1.4  Fsi. 

(2)  During  the  test  prescribed  in  subpara¬ 
graph  (1)  of  this  paragraph,  the  flight  character- 
isties  provisions  of  section  4b.  160  shall  be 
eompli^  with. 

4b.  112-1  Procedure  for  determining  stall¬ 
ing  speeds  {FAA  policies  which  apply  to  sec. 
Ah.m  (c)). 

(a)  Since  all  performance  requirements  are 
based  upon  some  function  of  the  stalling  speeds, 
accurate  measuring  methods  and  careful  pilot¬ 
ing  technique  should  be  employed  during  the 
tests  required  for  determination  of  these 
speeds.  The  essential  items  to  be  considered 
when  conducting  tests  to  determine  the  stalling 
speeds  are  as  follows : 

(1)  The  airspeed  system  should  have  the 
same  characteristics  as  outlined  in  section 
4b.612-l  (a)  (2).  Preferably',  an  independent 
test  airspeed  system  should  be  employed  in 
measuring  the  stalling  speeds  such  as  a  shielded 
or  swivel  impact  pressure  sensing  head  used  in 
conjunction  with  a  trailing  static  bomb.  The 
airspeed  system  lag  should  be  a  minimum  with 
the  impact  and  static  systems  dynamically 
balanced  to  minimize  the  error  associated  with 
changing  ambient  pressure. .  With  the  above 
described  airspeed  system,  the  applicant  may 
elect  to  use  the  minimum  airspeed  obtained 
during  the  maneuver,  or  may  detei^ine  and 
apply  the  lag  correction  associated  with  chang¬ 
ing  airspeed  (deceleration)  to  the  minimum 
values  obtained  above.  If  the  latter  option 
is  elected,  the  applicant  should  determine  the 
correct  lag  factors  to  be  applied  under  varying 
dV/dt  conditions.  If  the  airspeed  system  is 
not  dymamicaUy  balanced,  adequate  corrections 
should  be  made. 

(2)  A  satisfactory  method  of  determining 
the  correct  lag  associated  with  changing  air¬ 
speed  to  be  applied  for  balanced  systems  only 
in  subparagraph  (1)  of  this  paragraph  is  to 
simulate  the  airspeed  variations  associated 
with  stall  tests,  utilizing  the  airspeed  system 
installed  in  the  aircraft.  For  this  purpose  an 
additional  airspeed  instrument  having  a  known 
calibration  should  be  inserted  in  the  airspeed 


system  adjacent  to  the  pressure  source,  and 
a  velocity-time  history  of  instantaneous  values 
for  true  and  lagging  total  pressures  be  obtained 
by  photo-recorder.  It  is  necessary  that  a 
steady  deceleration  rate  appropriate  to  that 
used  during  actual  flight  tests  be  maintained 
sufficiently  long  to  allow  the  system  lag  to 
stabilize.  The  simulated  velocity-time  history 
should  be  appropriately  corrected  to  the 
conditions  existing  in  the  actual  stall  flight  tests. 

(3)  If  the  stalling  speed  tests  are  to  be 
conducted  with  the  propellers  delivering  zero 
thrust,  some  dependable  method  such  as  a 
propeller  slipstream  rake  by  means  of  which 
zero  thrust  condition  can  be  ascertained  should 
be  available  in  flight.  The  general  practice 
of  establishing  zero  thrust  r.  p.  m.  by  calcula¬ 
tion  is  also  acceptable.  For  the  turbopropeller 
and  turbojet  powered  aircraft  of  conventional 
design,  the  stall  speed  can  be  determined  with 
flight  idle  power,  in  lieu  of  zero  thrust,  if  it 
can  be  shown  that  this  power  does  not  mate¬ 
rially  affect  the  stall  speed.  If  the  stall  speed 
is  materially  affected  by  the  above  power,  cor¬ 
rections  should  be  made  to  zero  thrust  condi¬ 
tions.  Analytical  corrections  will  be  acceptable 
if  satisfactory  accounting  is  made  for  the  effects 
of  propeller  efficiency,  slipstream,  altitude,  and 
other  pertinent  variables.  The  stall  speed 
should  be  determined  below  an  altitude  of 
10,000  feet,  where  practicable,  to  minimize  the 
altitude  effect  on  flight  idle  power. 

(4)  An  accurate  method  for  determining 
the  fuel  load  should  be  established  for  the 
purpose  of  ascertaining  the  airplane’s  gross 
weight  and  c.  g.  position  at  the  time  of  each 
stall. 

(5)  Test  instrumentation  should  consist 
of  the  usual  sensitive  indicators,  especially 
sensitive  tachometers,  in  order  to  be  able  to 
maintain  r.  p.  m.  which  results  in  zero  thrust. 
The  time  history  during  the  stall  should  be 
recorded  photographically,  and  should  include 
those  data  indicated  in  paragraph  (e)  (4)  of  this 
section. 

(b)  The  test  methods  required  in  the 
options  that  follow  (see  also  fig.  1)  are  for  the 
purpose  of  determining  accurately  the  stalling 
speed  used  to  calculate  the  pertinent  per¬ 
formance  climb  requirements.  The  airplane 
loading  during  these  tests  will  depend  upon 
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the  c.  g.-weight  range  desired  for  approval,  and 
whether  the  climb  requirements  are  based  on 
stalling  speeds  obtained  with  a  fixed,  or  variable, 
c.  g.  position  as  indicated  in  subparagraphs  (1) 
and  (2)  of  this  paragraph.  In  any  case,  the 
stalling  speeds  should  be  based  on  tests  con¬ 
ducted  for  the  most  critical  c.  g.-weight  com¬ 
bination,  within  the  allowable  tolerance  speci¬ 
fied  in  section  4b.  100-1. 

(1)  Climb  requirement  baaed  on  stalling 
speed  at  the  most  forward  e.  g.  position  desired 
for  certification. 

(i)  Under  this  option,  the  applicant 
should  measure  stalling  speeds  at  the  maximum 
forward  c.  g.  position  for  certification  and  at  the 
maximum  landing  weight.  However,  in  some 
cases  where  the  forward  c.  g.  limit  is  variable 
with  weight,  this  would  require  that  stalling 
speed  tests  be  conducted  at  a  weight  and  c.  g. 
position  outside  of  the  approved  structural  limit. 
In  lieu  of  this,  and  if  the  applicant  so  desires,  he 
may  measure  the  stalling  speeds  at  the  maximum 
forward  c.  g.  position  for  maximum  landing 
weight  and  also  at  the  maximum  forward  c.  g. 
position  desired  for  certification  and  its  associ¬ 
ated  weight. 

(ii)  It  is  only  necessary  to  conduct  stall 
speed  tests  for  one  or  two  loading  conditions,  as 
indicated  above,  if  the  weight  range  from  maxi¬ 
mum  takeoff  to  minimum  landing  weight,  and 
the  variations  in  c.  g.  positions  are  within  the  al¬ 
lowable  tolerances  specified  in  section  4b.  100-1 

(b)  (2)  with  respect  to  both  maximum  takeoff  and 
minimum  landing  weights.  (See  fig.  1,  option 
1,  case  A.)  In  cases  where  a  large  variation  of 
weight  exists,  it  may  be  necessary  to  make  an 
additional  check  of  the  stalling  speed  at  the 
most  forward  c.  g.  position  corresponding  to 
maximum  takeoff  weight.  (See  fig.  1,  option  1, 
case  B.) 

(2)  Climb  requirement  baaed  on  stalling 
speed  varying  with.  c.  g.  position.  If  this  option 
is  elected,  the  applicant  should  conduct  a  suf¬ 
ficient  number  of  tests  to  adequately  establish 
the  variation  of  stalling  speed  with  center  of 
gravity  position.  In  any  case,  the  stalling 
speed  should  be  measured  at  the  maximum  for¬ 
ward  c.  g.  position  desired  for  certification  and 
at  the  most  rearward  c.  g.  position  desired  for 
the  purpose  of  varying  the  climb  requirement 
with  c.  g.  position.  In  the  event  that  the  above 


configurations  do  not  encompass  the  maximum 
takeoff  weight  considering  the  allowable  toler¬ 
ances,  stalling  speed  test  should  also  be  con¬ 
ducted  at  the  maximum  takeoff  weight  and  its 
appropriate  c.  g. 

(c)  The  deceleration  rate  actually  utilized 
in  each  test  may  be  obtained  from  the  velocity¬ 
time  history  provided  by  photo-recorder  data. 
For  the  purpose  of  determining  the  above  de¬ 
celeration  rate,  dV/dt  should  be  based  on  the 
average  slope  of  the  velocity-time  history,  from 
a  speed  10  percent  above  the  minimum  speed 
obtained  with  the  test  airspeed  system,  down 
to  the  minimum  speed.  (This  method  should 
not  be  used  in  calculating  the  appropriate  lag 
corrections  indicated  in  paragraph  (a)  (1)  and 
(2)  of  this  section.) 

(d)  Configurations.  The  stalling  speed 
should  be  demonstrated  in  the  configuration 
shown  in  subparagraphs  (1)  and  (2)  of  this 
paragraph. 

(1)  Configurations  for  demonstrating  stall¬ 
ing  speed  Vso,  section  4h.ll2  (a). 

Weight — maximum  landing  or  maximum 
weight  at  required  c.  g.  position. 

C.  G.  position — as  required  in  paragraph 
(b)  of  this  section. 

Wing  flaps — ^landing  position. 

Landing  gear — extended. 

Engines — idling  or  not  more  than  suflB- 
cient  power  for  zero  thrust  at  a  speed 
not  greater  than  110  percent  of  the 
stall  speed. 

Propeller  controls — normal  takeoff  pitch. 

Cowl  flaps — closed. 

Trim  speed — as  prescribed  in  section 
4b.ll2  (c)  (1). 

(2)  Configuration  for  demonstrating  stall¬ 
ing  speeds  Vsi,  section  4b.ll2  (b). 

Weight — maximum  landing  or  maximum 
weight  at  required  c.  g.  position. 

C.  G.  position — as  required  in  paragraph 
(b)  of  this  section. 

Wing  flaps — en  route,  takeoff  and  ap¬ 
proach  positions. 

Landing  gear — retracted. 

Engines — idling  or  not  more  than  suffi¬ 
cient  power  for  zero  thrust  at  a  speed 
not  greater  than  110  percent  of  the 
stall  speed. 
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Propeller  controls — normal  takeoff  pitch. 

Cowl  flaps — closed. 

Trim  speed — as  prescribed  in  section 
4b.ll2  (c)  (1). 

(e)  Test  procedure  and  required  data. 

(1)  A  sufficient  number  of  representative 
stalls  should  be  conducted  for  each  airplane 
configuration  and  for  each  c.  g.  location  as 
required  in  paragraphs  (b)  and  (d)  of  this 
section  in  order  to  provide  for  accurate  deter¬ 
mination  of  the  stall  speeds  at  a  dV/dt  equals 
1  mph/sec.  The  minimum  number  of  stalls 
required  will  depend  on  the  range  of  flap  angles 
and  other  variable  factors  (such  as  variable 
c.  g.  position  in  determining  the  minimum 
dimb  requirement)  which  are  proposed  by  the 
applicant.  In  cases  where  the  flap  positions 
have  not  been  predetermined,  it  is  permissible 
to  conduct  tests  using  four  or  more  equally 
spaced  flap  angles.  Based  upon  four  equally 
spaced  flap  settings,  an  acceptable  minimum 
number  of  representative  stalls  for  eavh  flap 
angle  should  be  four.  The  minimum  number 
of  stalls  at  each  flap  angle  should  be  increased 
if  a  lesser  number  of  flap  settings  is  proposed. 
For  other  configurations  and  variables  a  lesser 
number  of  stalls  should  be  acceptable  once  a 
basic  stall  speed  versus  flap  angle  curve  has 
been  determined.  Not  more  than  zero  pro¬ 
peller  thrust  should  be^  used,  as  determined  in 
in  paragraph  (a)  (3)  of  this  section. 

(2)  The  stalling  speed  tests  should  be 
conducted  in  accordance  with  the  procedure 
outlined  in  section  4b.ll2  (c). 

(3)  Since  the  trim  speed  and  the  speed  at 
which  zero  thrust  r.  p.  m.  is  set  (not  more  than 
1.1  Vau  are  a  function  of  the  stall  speed,  a 
practice  run  should  be  made  in  order  to  deter¬ 
mine  the  approximate  stalling  speed. 

(4)  The  following  data  should  bo  re¬ 
corded  photographically  for  each  stall : 

Vertical  Air  speed, 

acceleration.  Altimeter. 

Angle  of  attack.  R.  P.  M. 

Elevator  angle. 

(5)  In  addition  to  the  photorecorder 
record,  the  following  data  should  be  recorded 
for  each  stall: 

Torque  pressure.  Ambient  air 

C.  O,  position.  temperature. 


R.  P.  M.  for  zero  Wing  flap 

thrust  at  1.1  position. 

V,.  Landing  gear 

Time.  position. 

Weight.  IAS  at  stall 

warning. 

Nature  of  stall 
warning. 

(6)  In  subparagraph  (4)  of  this  paragraph, 
the  following  data  may  be  omitted  if  the  excep¬ 
tion  clause  of  section  4b.  160  (c)  (2)  is  applicable, 
or  if  during  the  demonstration  of  stall  character¬ 
istics  no  marginal  conditions  existed  and  the 
elevator  control  was  utilized  to  the  full  extent 
of  its  rearward  (up  elevator)  travel.  Under 
these  circumstances  the  procedure  used  for 
stalling  the  aircraft  to  determine  stall  speeds, 
and  recovery  therefrom,  should  duplicate  that 
used  during  the  stall  characteristics  demon¬ 
stration. 

Elevator  angle. 

Angle  of  attack. 

Vertical  acceleration. 

F.  R.  5791,  July  20,  1957,  effective  Aug.  15,  1957; 
amended  24  F.  R.  7067,  Sept.  1,  1959,  effective  Oct.  1, 
1959.) 

4b.  113  Takeoff:  general. 

(a)  The  takeoff  data  in  sections  4b.ll4  to 
4b.ll6,  inelnsiye,  shall  be  determined  under 
the  following  conditions: 

(1)  At  all  weights  and  altitudes  selected 
by  the  applicant; 

(2)  With  a  constant  takeoff  flap  position 
for  the  particular  weight  and  altitude; 

(3)  With  the  operating  engines  not  exceed¬ 
ing  their  approved  limitations  at  the  particular 
altitude. 

(b)  All  takeoff  data,  when  corrected,  shall 
assume  a  level  take-off  surface,  and  shall  be 
determined  on  a  smooth,  dry,  hard-surfaced 
runway,  in  such  a  manner  that  reiuodnction  of 
the  performance  does  not  require  exceptional 
skill  or  alertness  on  the  part  of  the  inlot  (For 
temperature  accountability  data  see  sec.  4b.  11 7. 
For  wind  and  runway  gradient  corrections  see 
appropriate  operating  rules  of  this  subchapter.) 

4b. 113-1  Downwind  takeoff  (FAA  policies 
which  apply  to  sec.  4b. US).  Downwind  takeoff 
data  may  be  approved  on  the  following  basis  to 
provide  for  situations  where  geographic  loca¬ 
tions  and  terrain  indicate  they  »  :  desirable: 
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(a)  Performance.  In  determining  the  re¬ 
quired  distances  for  takeoff  in  downwind  the 
data  should  be  substantiated  by  actual  flight 
tests.  The  general  methods  and  procedures 
would  be  comparable  to  those  for  substantiating 
takeoff  distances  in  no  wind.  The  flight  tests 
should  be  conducted  in  tailwind  components  up 
to  150  percent  of  the  maximum  velocity  for 
which  approval  is  desired  except  that  the 
performance  tests  may  be  simulated  in  zero 
wind  as  outlined  below: 

(1)  The  accelerate  portions  of  the  “takeoff” 
and  “accelerate-stop”  should  be  demonstrated 
at  speeds  corresponding  to  the  zero  wind  plus 
150  percent  of  the  tailwind  component  for 
which  approval  is  desired.  The  calculated 
distances  for  entry  in  the  Airplane  Flight 
Manual  should  also  be  based  on  1.5  times  the 
tailwind  component,  see  subparagraph  (3)  of 
this  paragraph. 

(2)  The  decelerate  portion  of  the  “accel¬ 
erate-stop”  should  be  demonstrated  by  stopping 
from  a  speed  corresponding  to  Vi  plus  1.5  times 
the  tailwind  velocity  for  which  certification  is 
desired. 

(3)  In  determining  the  takeoff  distances 
for  the  Airplane  Flight  Manual  performance 
data,  150  percent  of  the  effect  of  the  reported 
tailwind  component  should  be  taken  into 
account.  (Seesec.  4b.740-l  (d)  (2)  (x).)  This 
may  in  some  cases,  permit  calculating  the 
required  distances  without  further  tests  provid¬ 
ing  sufficiently  high  speed  takeoffs  and  de¬ 
celerations  were  made  in  the  original  type 
tests.  However,  except  in  the  circumstances 
outlined  in  paragraph  (d)  of  this  section,  actual 
takeoffs  should  be  made  \mder  the  conditions 


outlined  in  paragraph  (b)  of  this  section  to 
check  the  flight  and  ground  handling  char¬ 
acteristics. 

(b)  ControUabUity.  Takeoffs  should  be  made 
in  steady  downwind  velocities  equal  to  1.5 
times  the  maximum  velocity  for  which  approval 
is  granted  to  check  the  controllability  at  the 
higher  ground  speeds  with  correspondingly 
reduced  aerodynamic  control  forces,  dynamic 
balance  of  landing  gear,  nose  gear  shimmy  or 
vibration,  etc. 

(c)  Brakes.  At  present  it  is  believed  that 
for  calculated  accelerate-stop  distances  based  on 
actual  airplane  deceleration  tests,  the  existing 
brake  capacity  requirements  are  sufficient  to 
cover  accelerate-stops  in  downwind  velocities 
of  10  m.  p.  h.  measured  at  50'  height.  How¬ 
ever,  in  wind  velocities  above  10  m.  p.  h.  and 
in  unusual  cases  or  special  types  of  operation 
additional  tests  or  substantiation  of  the  ade¬ 
quacy  of  the  brakes  may  be  necessary,  and  a 
revision  to  the  braking  system  may  be  re¬ 
quired. 

(d)  Tolerances. 

(1)  With  regard  to  performance  tests  out¬ 
lined  in  (a),  approval  may  be  given  for  calcu¬ 
lated  takeoff  distances  for  reported  tailwind 
velocities  up  to  10  m.  p.  h.  measured  at  50' 
height  without  camera  tests  additional  to  those 
required  for  approval  of  the  no  wind  data. 

(2)  With  regard  to  controllability  tests 
outlined  in  (b),  approval  may  be  given  for 
reported  downwind  velocities  up  to  10  m.  p.  h. 
measured  at  50'  height  without  additional 
flight  tests. 

(19  F.  R.  1817,  Apr.  2,  1954,  efifective  Apr.  2,  1954; 
amended  20  F.  R.  2277,  Apr.  8,  1955,  effective  Apr. 
30,  1955.) 


Discussion  of  Policies  Relating  to  Determination  of  the  Takeoff  Field 

Length  in  Section  4b.  113-2 

The  flight  path  specified  in  section  4b.  113-2  (a)  necessarily  involves  con¬ 
sideration  of  the  level  of  skill  of  the  pilot  who  happens  to  be  flying  the  airplane 
at  the  time.  'The  conditions  under  which  this  flight  path  is  established  pro¬ 
vides  for  a  reasonable  level  of  skill  by  requiring  certain  minimum  speeds  which 
should  be  attained,  as  well  as  a  sequence  and  timing  in  which  it  is  assumed 
various  configuration  adjustments  are  made  to  the  airplane,  each  of  which  have 
a  measurable  effect  upon  the  resulting  dimensions.  The  takeoff  field  length 
involves  the  determination  of  the  distances  traversed  by  the  airplane  for  two 
alternative  sequences  of  events.  In  the  first  case  the  airplane  is  accelerated 
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to  the  criticsl  engine  failure  speed,  Vi  (see  sec.  4b. 114),  at  which  speed  all 
engines  are  made  inoperative  and  the  airplane  decelerated  to  rest.  In  the 
second  sequence  of  events  the  airplane  is  again  accelerated  to  the  same  speed, 
but  at  that  speed  the  critical  engine  only  is  made  inoperative  and  the  takeoff 
continued  under  certain  specified  conditions.  The  distance  required  to  ac¬ 
celerate  to  the  critical-engine-failure  speed,  Vt,  is  thus  common  to  both 
sequences. 


4b.ll3-2  DetermiruUion  of  the  takeoff  field 
length  {FAA  polieiee  which  apply  to  aec.  4b.ll3). 

(a)  Hie  dimensions  of  a  takeoff  flight  path 
should  be  such  that,  if  the  takeoff  runway  has 
a  length  equal  to  the  greater  of  two  possible 
dimensions  of  that  flight  path,  an  engine  failing 
may  occur  at  any  point  along  the  runway  and 
tibe  airplane  be  able  either  to  stop  within  the 
length  of  the  runway  or  to  continue  and  clear 
all  obstructions  to  flight  until  a  safe  landing  is 
made. 

(b)  In  the  tests  required  by  sections  4b.ll3 
through  4b.ll6,  generally  one  set  of  data  at  one 
altitude  should  be  sufficient  to  determine  take¬ 
off  distances  for  altitudes  from  sea  level  to  8,000 
feet.  If  a  greater  range  of  airport  altitudes  is 
desired,  the  test  should  be  conducted  at  two  or 
more  altitudes. 

(19  F.  R.  4481,  July  20, 1954,  effective  Sept.  1, 1954.) 

4b.ll4  TakeoW  speecfs. 

(a)  The  critical-eiigbie-fRUiire  qieed  Vu  in 
tmae  vt  CRHlinited  airspeed,  shall  he  selected 
1^  tte  awlicut,  hot  it  shaU  not  he  less  than 
the  mlnlninni  speed  at  nUch  the  controUaUIity 
la  demonstrated  daring  the  takeoff  ran  to  be 


adeqnate  to  permit  p'o<;eeding  safdy  with  the 
takeoff,  using  normal  uiloting  skiU,  when  the 
critical  engine  Is  suddenly  made  inopmative. 

(b)  The  minimnm  takeoff  safety  speed  Fi, 
in  terms  of  calibrated  airspeed,  shall  be 
sriected  by  the  apidicant  so  as  to  pmrmit  the 
rate  of  climb  required  in  section  4b.  120  (a)  and 
(b),  bat  it  shall  not  be  less  than: 

(1)  1.2  Fi,  for  two-engine  pr<q>^er-driTen 
aindanes  and  for  airplanes  without  propdlas 
which  have  co  provisions  for  obtaining  a  sig¬ 
nificant  rednc  ion  in  stalling  speed  with  power 
on  (one  engine  inoperative). 

(2)  1.15  Fs,  for  iwop^er-driven  airplanes 
having  more  than  two  enf^es  and  for  airplanes 
without  pnqiellers  which  have  provirions  for 
obtaining  a  significant  reduction  in  stalling 
speed  with  power  on  (one  engine  inoperative). 

(3)  1.10  times  the  minimnm  control  speed 
Vmc  established  under  section  4b.  133. 

(c)  If  engine  failure  is  assumed  to  occur  at 
or  after  the  attainment  of  Fi,  the  demonstra* 
tion  in  which  the  takeoff  run  is  continued  to 
include  the  takeoff  climb,  as  provided  in  para- 
^aph  (a)  of  thte  section,  shall  not  be  reqrired. 


DisGussion  of  Policies  Relating  to  Selection  of  the  Takeoff  Speeds  in 

Section  4b.ll^l 

Section  4b.ll4  (a)  specifies  a  speed  at  which  the  engine  is  assumed  to  fail 
and  which  may  be  lower  than  the  speed  at  which  flight  is  possible.  The  opera¬ 
ting  requirements  of  section  40.72  of  this  chapter  limit  the  takeoff  operation 
of  the  airplane  to  a  weight  such  that  in  the  event  of  engine  failure  at  the  critical- 
engine-failure  speed,  (Fi),  the  airplane  can  be  brought  to  rest  within  the  length 
of  the  runway  or  the  takeoff  continued  and  a  height  of  50  feet  attained  at  the 
end  of  the  runway.  It  follows  that  for  any  airplane  at  a  particular  weight  there 
is  an  optimum  value  for  this  critical-engine-failiire  speed  which  results  in  the 
minimum  required  runway  length  and  further,  this  optimum  condition  is  ob¬ 
tained  when  the  two  alternative  distances  are  equal.  In  the  case  of  an  airplane 
having  a  comparatively  hi^  wing  loading  but  low  power  loading,  and  particu¬ 
larly  in  the  case  of  airplanes  with  four  or  more  engines,  this  optimum  may  be 
appredably  briow  the  speed  at  which  flight  is  possible. 
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The  Va  speed  specified  in  section  4b.ll4  (b)  is  a  minimum  speed  at  which  it 
is  considered  safe  to  attempt  to  complete  the  takeoff  with  one  engine  inoperative. 
The  limitation  upon  the  takeoff  safety  speed,  ( Vi),  based  upon  stalling  speed,  in¬ 
volves  the  power-off  stalling  speed  with  20  percent  and  15  percent  margins  as 
reasonable  minimums  to  insure  against  inadvertent  stalling  of  the  airplane. 

For  propeller-driven  airplanes  the  difference  between  the  two  margins, 
based  upon  the  number  of  engines  installed  in  the  airplane,  is  due  to  the  fact 
that  the  application  of  power  ordinarily  reduces  the  stalling  speed  appreciably. 
In  the  case  of  the  two-engine  propeller-driven  airplane,  at  least  half  of  this 
reduction  is  eliminated  by  the  failure  of  an  engine.  In  the  case  of  a  four-engine 
propeller-driven  airplane,  certainly  less  than  half  and  probably  closer  to 
one-quarter  only  of  the  difference  is  eliminated  by  the  failure  of  an  engine. 
The  difference  in  the  required  factors,  therefore,  piovides  approximately  the 
same  margin  over  the  actual  stalling  speed  under  the  power  conditions  which 
are  obtained  after  the  loss  of  an  engine  no  matter  what  the  number  of  engines 
(in  excess  of  one)  may  be.  Unlike  the  propeller-driven  airplane,  the  turbine 
engine  airplane  does  not  show  any  appreciable  difference  between  the  power-on 
and  power-off  stalling  speeds.  This  is  due  to  the  absence  of  the  propeller 
which  ordinarily  induces  a  slipstream  with  the  application  of  power  causing 
the  wing  to  retain  its  lift  to  a  speed  lower  than  the  power-off  stalling  speed. 
The  applicant’s  selection  of  the  two  speeds  specified  will  influence  the  nature  of 
the  testing  required  in  establishing  the  takeoff  flight  path. 


4b.ll4-l  SdeeUon  oj  the  takeojff  speeds  {FAA 
policies  ichieh  apply  to  see.  Ib.ll4). 

(a)  It  should  be  possible  to  continue  the  take¬ 
off  acceleration  after  the  failure  of  an  engine 
at  the  speed,  Vi,  until  a  minimum  safe  flying 
q>eed  has  been  attained.  This  condition  should 
be  demonstrated  by  test  in  order  to  determine 
that  it  can  be  safely  accomplished.  Throttling 
an  opposite  engine  should  not  be  permitted 
during  the  demonstration. 

(b)  It  should  not  be  necessary  to  demon¬ 
strate  a  takeoff  that  is  continued  after  engine 
failure  in  the  case  where  the  applicant  chooses 
to  make  the  critical  engine  failure  speed  not  less 
than  the  takeoff  safety  speed.  If  Vi  is  less  than 
Vs,  the  tests  should  include  an  actual  takeoff 
during  which  the  critical  engine  is  made  in¬ 
operative  at  the  mininniiTn  Vj  speed  and  the 
takeoff  continued  after  the  speed  Vj  is  attained. 

(c)  The  minimiim  takeoff  safety  speed  should 
be  at  least  10  percent  in  excess  of  the  minimum 
q>eed  at  which  the  airplane  can  be  safely  con¬ 
trolled  when  the  critical  engine  is  suddenly  made 


inoperative  imder  takeoff  conditions  in  flight 
(See  sec.  4b.  133.) 

(19  F.  R.  4451,  July  20, 1954,  effective  Sept.  1, 1954.) 

4b.ll5  Aeeelerate-ttop  distance, 

(a)  The  accdo-ate-sUv  distance  shall  be  the 
sum  of  the  following: 

(1)  The  distance  required  to  accelo-ate  the 
air^ane  from  a  standing  start  to  the,  speed  Fj, 

(2)  Assuming  the  critical  engine  to  fail  at 
the  speed  Fi,  the  distance  required  to  bring  the 
airplane  to  a  full  stop  from  the  point  correspond¬ 
ing  with  the  speed  Fi. 

(b)  In  addition  to,  or  in  lien  of,  wheel  brakes, 
the  use  of  othm  braking  means  shall  be  ac¬ 
ceptable  in  detmmining  the  accelo'ate-stop  dis¬ 
tance,  provided  that  such  Iwaldng  means  shall 
have  b^n  proven  to  be  safe  and  reliable,  that 
the  manner  of  thdr  employment  is  such  that 
consistent  results  can  be  expected  under  nor¬ 
mal  conditions  of  operation,  and  that  exceptional 
skill  is  not  required  to  contrd  the  airplane. 

(c)  The  landing  gear  shall  remain  extended 
throughout  the  accelerate-stop  distance. 
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Discussioii  of  Pcdicies  Relatiiig  to  the  Determination  of  the  Accelerate* 
Stop  Distance  in  Secti<m  4b.ll5-l 

In  establishing  an  accelerate  and  stop  distance  it  is  obvious  that  when  the 
throtUee  are  suddenly  closed,  a  finite  time  will  elapse  before  the  propellers  and 
the  rotating  parts  of  the  engine  are  decelerated  from  the  takeoff  r.  p.  m.  to  an 
idling  r.  p.  m.  During  this  period  the  propellers  continue  to  exert  thrust,  until 
a  certain  sero  thrust  r.  p.  m.  is  reached  as  a  result  of  the  deceleration.  For  this 
reason  the  speed  of  the  airplane  continues  to  increase  beyond  that  speed  which 
exists  at  the  moment  the  throttles  are  dosed  before  it  b^ins  to  decrease  again. 
The  period  of  time  covered  by  the  decderation  of  the  engine  r.  p.  m.  is  also  a 
very  critical  period  for  the  application  of  brakes  since  there  usually  results  a 
change  in  trim  of  the  airplane  which  may  necessarily  require  certain  adjustments 
in  the  position  of  the  controls. 


4b.ll5-l  Determination  of  the  aeceUrate-slop 
dietanee  {FAA  polieiea  lohieh  apply  to  see. 
4U16). 

(a)  Establish  represeniaHoe  dimensions.  In 
order  to  establish  a  representative  dimension 
for  the  distance  that  would  be  required  in  the 
event  of  an  actual  failure  of  an  engine  during 
takeoff  and  the  dection  of  the  pilot  to  stay  on 
the  ground,  a  suffident  number  of  runs  should 
be  conducted  starting  from  rest  and  ending  at 
rest  to  determine  the  transition  distance  for 
piecing  together  the  accderation  and  decdera* 
tion  portion  of  the  runs.  In  determining  this 
distance,  the  wing  flaps  should  be  in  the 
takeoff  position  at  least  until  the  engines 
have  been  made  inoperative,  but  they  may 
thereaftor  be  altered  to  ud  the  decderation  if 
it  is  demonstrated  by  the  applicant  that  this 
may  be  done  with  reasonable  ease  and  safety. 
The  accderate-etop  tests  should  be  demon¬ 
strated  in  accordance  with  the  following  pro¬ 
visions:  These  tests  are  predicated  on  the  as¬ 
sumption  that  the  airplane  is  not  equipped 
with  reverse  pitch  or  automatic  feathering 
propellers.* 

(1)  Accderate  and  stop  runs  shoidd  be 
conducted  at  two  weights  and  at  one  altitude, 
and  one  decderation  run  to  demonstrate  brak¬ 
ing  capadty  and  decderation  characteristics 
associated  with  the  maximum  altitude  at  which 
it  is  desired  to  certificate  the  airplane.  Altitude 
conditions  should  be  simulated  by  adjusting 
poww  and  air  speed.  At  least  one  representa¬ 
tive  run  should  be  made  for  each  of  three  engine 
failure  speeds  at  each  weight.  If  more  than 

for  poUeiM  oorcriiK  Mitoinatle  taatbcrini  pco- 


one  flap  setting  is  to  be  used  for  takeoff,  addi¬ 
tional  tests  should  be  conducted  to  cover  the 
flap  range.  (See  sec.  4b.ll8-l  (d)  (2).) 

(2)  If  tests  are  not  made  at  the  maximum 
aiiport  altitude,  one  landing  or  deceleration  run 
should  be  made  at  an  optional  altitude  for  the 
purpose  of  demonstrating  braking  capacity  and 
deceleration  characteristics  at  maximum  airport 
altitude  and  corresponding  takeoff  gross  weight 
with  the  airplane  at  this  maximum  takeoff 
weight.  The  true  ground  speed  at  the  start  of 
the  deceleration  should  correspond  to  that  speed 
which  would  be  experienced  at  the  maximum 
airport  altitude  and  weight.  Discretion  should 
be  used  in  this  test  to  assure  remaining  within 
safe  structural  and  operational  limits  of  the 
airplane. 

(3)  The  accelerations  may  be  made  during 
takeoffs  and  the  decelerations  during  landings 
at  the  takeoff  configuration,  providing  a  mini¬ 
mum  of  one  acceleration  and  stop  run  is  con¬ 
ducted  at  the  maximum  takeoff  weight  to 
determine  the  transition  distance. 

(4)  Instrumentation  should  include  means 
to  record  the  airplane  path  relative  to  the 
runway  against  time  in  a  manner  to  determine 
the  horizontal  distance-time  histoiy  and  a 
means  should  be  provided  to  measure  the  wind 
velocity  and  direction,  pressure  altitude,  engine 
r.  p.  m.,  manifold  and/or  torque  pressure. 

(i)  The  wind  velocity  should  be  meas¬ 
ured  adjacent  to  the  runway  at  the  height  of  6 
feet  above  the  runway  surface  for  test  purposes. 
If  wind  effect  on  runway  lengths  is  shown  in 
the  Airplane  Flight  Manual  (see  sec.  4b.740- 
1  (d)  (2)  (x)),  the  manual  data  should  be  based 


28 


CAM  4b 


AIRPLANE  AIRWORTHINESS;  TRANSPORT  CATEGORIES 


4b.  116 


on  reported  wind  velocities  for  a  50-foot  tower 
height.  Figure  2  should  be  used  to  calculate 
the  wind  velocity  at  the  50-foot  height  from  the 
wind  velocity  measured  at  the  6-foot  height. 

(5)  A  special  tolerance  of  not  greater  than 
±2  percent  of  the  maximum  takeoff  weight  is 
allowed  for  the  accelerate-stop  distance  tests. 

(b)  Cor^figwration.  The  accelerate-stop  tests 
should  be  conducted  in  the  configuration  that 
follows: 

Weight — ^maximum  takeoff  and  one  lower. 

C.  G.  position — most  forward.  (Most  aft 
for  reverse  thrust  decelerations.) 

Wing  flaps — takeoff  position. 

Landing  gear — extended. 

Operating  engines — during  acceleration,  all 
engines  operating  at  full  takeoff  power 
and  r.  p.  m.;  cowl  flaps  set  in  takeoff 
position  (see  sec.  4b.ll8-l  (d)  (1)). 

Inoperative  engines — during  deceleration, 
tattles  closed;  propellers  windmilling 
in  takeoff  pitch  (except  for  failed  engine 
with  automatic  feathering,  see  sec. 
4b.ll5-2);  cowl  flaps  set  in  takeoff  posi¬ 
tion  (see  sec.  4b.ll8-l  (d)  (1)), 

(c)  Test  procedure  and  required  data. 

(1)  The  airplane  should  be  accelerated 
from  full  stop  to  each  of  three  speeds  up  to  Ft, 
the  highest  value  of  which  should  correspond  to 
at  least  the  maximum  value  desired  for  certifi¬ 
cation.  The  throttles  should  be  closed  at  this 
speed  and  the  airplane  brought  to  a  complete 
stop  with  the  inoperative  propellers  windmilling 
(except  when  an  auto-feathering  device  is 
installed). 

(2)  The  airplane  path  relative  to  the  run¬ 
way  should  be  recorded  against  time  in  a 
manner  to  determine  the  horizontal  distance — 
time  histoiy. 

(3)  The  foUowing  data  should  be  recorded: 
Pressure  dtitude. 

Ambient  air  temperature. 

Airplane  gross  weight. 

R.  F.  M.  (obtained  during  acceleration 
and  deceleration). 

Manifold  pressure. 

Torque  pressure. 

Carburetor  air  temperature. 

Mixture  setting. 

Cowl  flap  position. 


Wing  flap  position. 

Time,  distance,  and  airspeed  at  engine 
cut. 

Slope  of  field. 

Direction  of  run. 

(4)  In  addition,  humidity,  wind  direction, 
and  wind  velocity  should  be  recorded  adjacent 
to  the  nmway  at  a  height  of  6  feet  above  the 
runway  surface. 

(19  F.  R.  4461,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.ll5-2  Approval  of  automatic  propeller 
feathering  instaUations  for  use  in  establishing 
accelerate-stop  distance  {FAA  policies  which 
apply  to  sec.  4b. 115).  The  accelerate-stop  dis- 
ance  should  be  determined  with  the  automatic 
propeller  feathering  installation  feathering  the 
propeller  of  the  critical  engine  and  with  the 
other  throttles  closed  at  the  instant  of  attain¬ 
ment  of  F,.  (See  secs.  4b.l0-2,  4b.401-l, 
4b.700-l,  and  Civil  Air  Regulations  Part  4b 
Interpretation  No.  1,  sec.  4b.l33(a).) 

(19  F.  R.  1817,  Apr.  2, 1954,  effective  Apr.  2, 1954.) 

4b.ll5-3  Reverse  thrust  used  in  accelerate- 
stop  distance  {FAA  policies  which  apply  to  sec. 
4b. 116).  The  policies  outlined  in  section 
4b.402-l  (k)  will  apply. 

(20  F.  R.  2277,  Apr.  8,19  65,  effective  Apr.  30,  1955.) 

4b.ll5-4  Accelerate-stop  distance  with  an 
antiskid  device  installed  {FAA  policies  which 
apply  to  sec.  4b.ll6).  The  policies  outlined  in 
section  4b.337-4  will  apply. 

(21  F.  R.  2558,  Apr.  19, 1956,  effective  May  15, 1956.) 

4b.ll6  Takeoff  path.  The  takeoff  path 
shall  be  considered  to  conwt  of  the  fol¬ 
lowing  five  consecnffve  elements: 

(a)  The  distance  required  to  accelerate  the 
airidane  to  the  speed  Yt,  assaming  the  critical 
engine  to  fail  at  the  speed  Fi. 

(b)  The  horizontal  distance  traversed  and 
the  height  attained  by  the  air[dane  in  the  time 
required  to  retract  the  landing  gear  when 
operating  at  the  speed  Fa  with: 

(1)  The  critical  engine  inoperative,  its 
propeller: 

(i)  Windmilling  with  the  propeller  con¬ 
trol  in  a  position  normally  used  during  takeoff 
until  (if  applicable)  its  rotation  has  been  stopped 
(see  paragraph  (c)  (1)  of  this  section), 
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(H)  If  stowed  for  the  ro* 

RMitofliir  of  the  geor  rotractfoa  timo. 

(2)  The  hodiiit  goor  oxtradod. 

(e)  If  oppHcablOy  the  horisoatal  dioUaco 
traToroed  oad  the  hdght  ottidoed  bj  th«  air* 
pfano  fai  the  tfaae  elapoed  from  the  ead  of  ele- 
amat  (b)  aatil  the  rotatioa  of  the  iaoperatiTe 
propeUer  haa  beea  stowed  whoi: 

(1)  The  operatimi  of  stowieg  the  pro* 
peOer  is  iaitiat^  aot  earlier  thaa  the  iastaat 
the  airplaae  has  attaiaed  a  total  height  of  50 
feet  aboTe  the  takeoff  sorfaee, 

(2)  The  airplaae  speed  is  eqoal  to  V„ 

(S)  The  laadiag  gear  is  retracted, 

(4)  The  iaoperatiTe  propeller  is  wind* 
itiHag  with  the  propeller  coatrol  ia  a  position 
aormallj  ased  dari^  takeoff. 

(d)  The  horisoatal  dlstaace  trsTersed  and 
the  height  attained  by  the  airplane  in  the  time 
elapoed  from  the  end  of  element  (c)  until  the 
thne  Hmit  on  the  use  ot  takeoff  power  is 
reached,  while  opmating  at  the  with: 

(1)  The  inopmatlTe  propeller  stopped. 


(2)  The  landing  gear  retracted. 

(e)  The  slope  of  the  flight  path  followed 
by  the  airplane  in  the  coB%[nration  ot  element 
(d),  bat  drawing  not  more  thaa  nuudmnm  eon* 
tlnnoas  power  <m  the  operating  engiae(s). 

4b.ll6-l  Approval  oj  atUomatie  propeUer 
feathering  instaUatione  Jor  uae  in  establi^ing  the 
takeoff  path  {FAA  polieiee  which  apply  to  see. 
4bJ16).  The  takeoff  path  may  be  modified  by 
permitting  a  feathered  propeller  instead  of  wind- 
milling  after  the  necessary  time  interral  has 
elapsed  from  the  instant  of  engine  failure  to 
complete  feathering  of  the  propeller.  If  it  can 
be  shown  that  the  net  work  produced  by  the 
feathering  propeller  from  the  instant  of  engine 
failure  to  completion  of  feathering  under  all 
types  of  engine  failure  is  positive  using  a  datum 
based  on  feathered  propeller  drag,  then  it  is 
permissible  to  assume  t^t  the  propeller  of  the 
failed  engine  is  in  the  feathered  drag  condition 
from  the  instant  of  attainment  of  the  takeoff 
dimb  speed  V,.  (See  secs.  4b.l0-2,  4b.401-l, 
and  4b.700-l.) 

(10  F.  R.  1818,  Apr.  3,  1054,  effective  Apr.  3,  1054.) 


Discussion  of  Polides  Relating  to  the  Determination  of  the  Takeoff 

Path  in  Section  4b.llfi-2 

The  takeoff  path  elements  in  section  4b.  116  are  intended  to  reflect,  as 
doeely  as  possible,  the  probable  order  in  which  a  pilot  would  make  changes  to 
the  airplane  configuration  in  the  actual  case  of  an  engine  failure.  They  are 
conservative  in  their  nature  in  an  effort  to  simplify  the  toting  required  to 
establish  the  flight  path.  For  example,  it  is  assumed  that  the  pilot  will  initiate 
gear  retraction  at  the  takeoff  safety  speed,  V»,  immediately  after  the  wheek 
leave  the  ground  but  that  climbing  performance  does  not  increase  during  the 
retraction  period  over  that  with  the  gear  fully  extended.  In  the  case  of  non- 
automatic  propeller  feathering  systems  it  is  assumed  that  the  pilot  would  not 
initiate  propeller  feathering,  if  an  engine  fads  during  the  ground  run,  prior  to 
attaining  a  height  of  50  feet,  and  further  that  the  climb  performance  of  the  air¬ 
plane  remains  the  same  as  with  the  propeller  wind-milling  until  the  propeller 
feathering  cycle  k  completed.  However,  in  the  case  of  an  airplane  with  a 
slow  retracting  gear,  propeller  feathering  may  be  started  at  the  50-foot  height 
prior  to  the  completion  of  the  gear  retraction  as  noted  in  section  4b.  116  (c). 
It  k  also  assumed  that  the  cowl  flaps  on  the  inoperative  engine  wiU  be  closed 
when  the  airplane  enters  the  third  takeoff  climb  segment  with  the  gear  retracted 
and  propeller  feathered. 
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4b.ll&-2.  DeUrmination  of  the  takeoff  path 
{FAA  polieiea  tohieh  apply  to  see.  4bJ16). 

(а)  Recommended  proeedvre.  The  recom¬ 
mended  procedure  for  obtaining  the  takeoff 
path  is  to  determine  the  ground  and  climb 
portions  separately  and  piece  the  corrected 
data  together.  The  takeoff  flight  path  should 
be  demonstrated  in  accordance  with  the 
foUowing  provisions: 

(1)  Three  accelerations  should  be  made 
during  which  the  airplane  is  accelerated  from  a 
complete  stop  using  all  engines  to  speeds 
bracketing  speed  Vi  at  which  speed  the  critical 
engine  fuel  mixture  is  cut  and  the  acceleration 
continued  to  speed  Ft  with  the  inoperative 
engine  propeller  windmilling’  in  the  takeoff 
pitch  setting.  If  Ft  is  less  than  Ft,  a  takeoff 
should  be  made  on  one  of  the  above  runs  when 
the  critica  ae  is  failed  at  the  lowest  Ft 
■peed. 

(2)  The  takeoff  flap  setting  should  be 
maintained  throughout  the  takeoff  flight  path. 
If  more  than  one  flap  setting  is  to  be  used  for 
takeoff,  additional  tests  should  be  included  to 
cover  the  flap  range  (see  sec.  4b.l  18-1  (d)(2)). 

(3)  See  section  4b.ll5-l  (a)  (4)  for  instru¬ 
mentation  requirements. 

(4)  A  special  tolerance  of  not  greater  than 
±2  percent  of  the  maximum  takeoff  wright  is 
allowable  for  the  ground  portion  of  the  acceler¬ 
ate  distance. 

(б)  General  teat  program. 

(1)  Aeeelerate  to  takeoff  oafety  speed,  Vt 
section  4b.ll6  (a).  \ 

(i)  Configuration.  These  tests  shouldlie 
conducted  in  the  configuration  that  follows: 

Weight — maximum  takeoff  and  one 
lower.  — 

C.  Q.  position — ^moet  forward. 

Wing  flaps — takeoff  position. 
lAnding  gear — extended. 

Operating  engine(8)— takeoff  r.  p.  m. 
and  manifold  pressure,  cowl  flaps 
in  takeoff  position  (see  sec.  4b.ll8-l 
(d)  (D). 

CSritical  inoperative  engine — fuel  mix¬ 
ture  cut  on  engine  most  critical 


*  WhH  •  MlhlMlary  foBr  ■atwnrtle  pwyUw  twtthertm  StriM  b 
SaWM  <■  tto  •bpli^  aSTintit*  of  neb  •  derfe*  asr  b*  and  to 
iSaatoS  nnpIbBn  wttb  tbb  nctkio.  8n  nettai  4b.lU-l  f«  paUdw 


performancewise  (see  sec.  4b.  11 8-1 
(e)  (2)),  propeller  windmilling  in 
takeoff  pitch  (feathered  if  auto¬ 
matic  feathering  device  is  installed) 
and  cowl  flaps  in  takeoff  position 
(see  sec.  4b.ll8-l  (d)  (1)). 

(ii)  Test  procedure  and  required  data. 
The  airplane  should  be  accelerated  from  a  com¬ 
plete  stop  to  the  Fi  speed  with  all  engines  oper¬ 
ating.  The  critical  engine  fuel  mixture  should 
be  cut  at  the  F|  speed  and  the  acceleration 
should  be  continued  until  Fi  speed  is  reached 
with  the  propeller  of  the  inoperative  engine 
windmilling  in  the  takeoff  pitch.  The  air¬ 
plane’s  path  relative  to  the  runway  should  be 
recorded  against  time  in  a  manner  to  determine 
the  horizontal  distance-time  history.  In  addi¬ 
tion  the  following  data  should  be  recorded: 

Pressure  altitude. 

Ambient  air  temperature. 

Airplane  gross  weight. 

E.  P.  M. 

Manifold  pressure. 

Torque  pressiun. 

Mixture  setting. 

Cowl  flap  position. 

Wing  flap  position. 

Time,  distance,  and  speed  at  engine 
cut. 

Time,  distance,  and  speed  when  F| 
is  reached. 

9ope  of  field. 

Direction  of  run. 

In  addition,  humidity,  wind  direction,  and  wind 
velocity  should  be  recorded  adjacent  to  the 
runway  at  a  height  of  6  feet  above  the  runway 
surface. 

(2)  Initial  takeoff  night  path  segment  test, 
section  4h.ll6  (b). 

(i)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows; 

Weight — maximum  takeoff  and  one 
lower. 

C.  O.  position — optional  (see  sec. 
4b.ll8-l  (c)  (2)). 

Wing  flaps — takeoff  position. 

Landing  gear — extended. 

Operating  engine(8) — takeoff  r.  p.  m. 
and  manifold  pressure  or  full  throt¬ 
tle,  mixture  setting  for  takeoff, 
carburetor  air  heat  control  at  cold 
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Rnd  oowl  flaps  in  takeoff  position 
(see see.  4b.l  18-1  (d)  (1)). 

Critical  inoperatiTe  engine — throttle 
dosed  on  engine  most  critical  per- 
fotmancewise  (see  sec.  4b.  118-1  (e) 

(2)),  propeller  windmilling  in  take¬ 
off  pitch,  (feathered  if  jiutomatic 
feathering  device  is  installed,  see  sec. 
4b.  120-1),  mixture  setting  at  idle 
cut-off  and  cowl  flaps  in  takeoff 
position  (see  sec.  4b.ll8-l  (d)  (1)). 

(ii)  Tut  procedure  and  required  data. 
The  airplane  should  be  climbed  at  the  takeoff 
safety  speed,  Vi.  See  section  4b.ll8-l  for  test 
{Moeedure  and  required  data  in  connection  with 
climb  tests. 

(3)  Second  taJeeoff  Hight  path  ditnb  segment 
test,  aeetion  4b.lt6  (c). 

(i)  Oonfiguraiion.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximum  takeoff  and  one 
lower. 

C.  G.  position — optional  (see  sec. 
4b.ll8-l  (c)  (2)). 

Wing  flaps — takeoff  position. 

landing  gear — ^retracted. 

Operating  engine(8) — takeoff  r.  p.  m. 
and  manifold  pressure  or  full  throt¬ 
tle,  mixture  setting  for  takeoff,  car¬ 
buretor  air  heat  control  at  cold  and 
oowl  flaps  in  takeoff  position  (see 
sec.  4b.ll8-l  (d)  (1)). 

Critical  inoperative  engine — throttle 
dosed  on  engine  most  critical  per- 
formancewise  (see  sec.  4b.  118-1  (e) 
(2)),  propeller  windmilling  in  take¬ 
off  pitch,  (feathered  if  automatic 
feathering  device  is  installed,  see  sec. 
4b.l20-l),  mixture  setting  at  idle 
cut-off  and  cowl  flaps  in  takeoff 
position  (see  sec.  4b.ll8-l  (d)  (1)). 

(ii)  Test  procedure  and  required  data. 
The  airplane  should  be  dimbed  at  the  takeoff 
safety  q>eed,  V|.  See  section  4b.  118-1  for  test 
proc^ure  and  required  data  in  connection  with 
dimb  test. 

(4)  Ihird  takeoff  flight  path  dimh  aeg:/um 
teat,  section  4b.ll6  (d). 

0)  Co^fiffuraJden.  This  test  should  be 
esaducted  in  the  configuration  that  follows: 


Weight — maximtim  takeoff  and  one 
lower. 

C.  G.  position — optional  (see  sec. 
4b.  118-1  (c)  (2)). 

Wing  flaps — takeoff  position. 

Landing  gear — retracted. 

Operating  engine(s) — takeoff  r.  p.  m. 
and  manifold  pressure  or  full  throt¬ 
tle,  mixture  setting  for  takeoff,  car¬ 
buretor  air  heat  control  at  cold  and 
cowl  flaps  in  takeoff  position  (see 
sec.  4b.  118-1  (d)  (1)). 

Critical  inoperative  engine — throttle 
closed  on  engine  most  critical  per- 
formancewise  (see  sec.  4b.  118-1  (e) 
(2)),  propeller  feathered  and  cowl 
flaps  in  minimum  drag  position. 

(ii)  Ted  procedure  and  required  data. 
The  airplane  should  be  dimbed  at  the  takeoff 
safety  speed,  V$.  See  section  4b.  118-1  for  test 
procedure  and  required  data  in  connection  with 
dimb  tests. 

(5)  Fourth  takeoff  flight  path  dimh  segment 
teat,  sedion  Ji.b.116  (e). 

(i)  Conflguration.  This  configuration 
should  be  the  same  as  for  the  third  takeoff 
flight  path  climb  segment  except  that  maximum 
continuous  power  is  used  on  the  operating 
eng^e(s). 

(ii)  Test  procedure  and  required  data. 
The  aiiplane  should  be  dimbed  at  the  takeoff 
safety  speed,  Vj.  See  section  4b.ll8-l  for  test 
procedure  and  required  data  in  coimection  with 
climb  t^ts. 

(19  F.  R.  4452,  July  20,  1964,  effective  Sept.  1,  1954; 
amended  22  F.  R.  0963,  Aug.  29,  1957,  effective 
Sept.  15,  1957.) 

4b.ll7  Temperature  aeeountabiUty. 
Operating  eorreeflon  factws  for  takeoff  wdght 
and  take-off  distance  shall  be  determined  to 
account  for  temperatures  above  and  below 
standard,  and  when  approved  by  the  Adminis¬ 
trate  they  shall  be  hacluded  in  the  Airplane 
Flight  Manual.  These  factors  shall  be  obtained 
as  follows: 

(a)  Fe  any  spedfle  airplane  type,  the  aver¬ 
age  fnU  tempeature  accountal^ty  shall  be 
computed  for  the  range  of  wdghts  of  the  air¬ 
plane,  altitudes  above  sea  level,  and  ambient 
temperatures  required  by  the  expected  operat- 
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big  couditioiis.  Accouat  shall  be  taken  of  the  ralnes.  The  value  of  F,  shall  be  further  cor* 
temperature  effect  on  both  the  aerodynamic  rected  by  the  average  amount  necessary  to 

characteristics  of  the  airplane  and  on  the  engine  assure  that  the  airplane  can  stop  within  the 

power.  The  foil  temperature  accountability  runway  length  at  the  ambient  temperature, 
shall  be  expressed  per  degree  of  temperature  except  that  the  corrected  value  of  Vi  shall 

in  tm-ms  of  a  wdght  correction,  a  take*off  not  he  less  than  a  minimum  at  which  the  air- 

distance  correction,  and  a  change,  if  any,  in  the  plane  can  be  controlled  with  the  critical  engine 
critical-engine-faUnre  speed  Fi.  inoperative. 

(b)  The  operating  correction  factors  for  the  4b.ll8  Climb;  general.  Compliance 
abplane  wdght  and  takeoff  distance  shall  be  shall  be  shown  with  the  climb  requirements  of 
at  least  one-half  of  Uie  full  accountability  sections  4b.ll9  through  4b.l21. 

Discussion  of  Policies  Relating  to  Test  Procedures  for  the  Determina¬ 
tion  of  Climb  Performance  in  Section  4b.  118-1 

Sections  4b.  1 19  through  4b.  121  specify  the  airplane  configurations  which  are 
considered  to  be  representative  for  those  operating  conditions  certain  to  be  en¬ 
countered  in  the  use  of  the  airplane.  With  the  exception  of  section  4b.l21,  the 
requirements  specify  rates  of  climb  which  are  believed  to  be  the  minimum  that 
will  guarantee  the  ability  of  the  airplane  to  perform  any  necessary  maneuver 
safely  considering  the  possibility  of  an  engine  failure  and  other  contingencies. 

The  required  rates  of  climb  specified  in  sections  4b.  119  through  4b.  120, 
where  appropriate,  are  related  to  the  stall  speed  squared  since  it  has  been  as¬ 
sumed  that  the  degree  of  danger  associated  with  an  emergency  landing  would 
be  dependent  upon  the  kinetic  energy  of  the  airplane.  Equivalent  safety 
dictates  that  excess  power  expressed  in  terms  of  rate  of  climb  should  be  pro¬ 
portioned  to  the  stall  speed  squared.  For  example,  the  one-engine-inoperative 
en  route  climb  requirement  defines  a  minimum  rate  of  climb  which  is  ac¬ 
ceptable  as  evidence  of  the  ability  of  the  airplane  to  maintain  altitude  in  case 
of  an  engine  failure  during  cruising  flight.  The  altitude,  in  standard  at¬ 
mospheric  conditions,  at  which  this  rate  of  climb  exists  under  the  conditions 
specified  becomes  the  bas'is  of  the  operating  rule  specified  in  section  40.74  of 
this  subchapter.  Essentially  similar  reasoning  has  been  used  in  determining 
climb  criteria  for  the  configurations  in  (a)  through  (c)  of  this  section. 

(a)  Climb:  all  engines  operating,  section  4b.ll9. 

(1)  Cruising  configuration,  section  4bJ19  (o).  The  factors  which  cause 
performance  deterioration  during  cnusing  flight,  such  as  inadequate  cooling,  high 
air  temperatures,  inefficient  carburetion,  etc.,  affect  the  airplane  by  reducing  its 
available  angle  of  climb.  The  climb  requirement  specified  for  this  configuration 
will  result  in  an  approximate  constant  angle  of  climb  regardless  of  the  air  speed 
and  it  is  intended  to  insure  that  some  climb  performance  will  be  available 
regardless  of  those  conditions  that  may  be  encoimtered  during  the  operation 
which  impair  performance. 

(2)  Landing  configuration,  section  4b.ll9  (b).  This  airplane  configuration 
is  ordinarily  used  in  the  final  stages  of  an  approach  for  landing,  and  the  purpose 
of  the  specified  required  rate  of  climb  is  to  assure  that  the  descent  may  be  readily 
arrested  and  that  the  airplane  will  be  able  to  "go  around”  for  another  attempt 
at  landing  in  the  event  conditions  beyond  the  control  of  the  pilot  make  this  action 
necessary. 

(b)  One-engine-inoperative  climb,  section  4b.l20. 

(1)  Flaps  in  takeoff  position:  landing  gear  extended,  section  4b. 120  (a). 

This  requirement  is  specified  to  insure  that  the  airplane  will  have  a  positive 
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rate  of  climb  during  the  initial  stage  of  the  takeoff  for  the  configuration  which 
ia  assumed  to  exist  in  this  element. 

(2)  Flafi  in  the  takeoff  position;  landing  gear  retracted,  section  4b.  1^0  (6). 
This  airplane  configuration  is  intended  to  be  representative  of  the  conditions 
which  might  be  expected  to  occur  in  the  event  of  an  engine  failure  at  about  the 
time  the  airplane  leaves  the  ground  during  takeoff.  The  rate  of  climb  specified 
is  believed  to  be  a  reasonable  minimum  which  will  insure  the  ability  of  the  air¬ 
plane  to  continue  the  takeoff  under  such  circumstances.  Because  this  segment 
is  the  more  critical,  it  was  not  believed  necessary  to  specify  minimum  climb 
requirements  for  the  cleaner  configuration  which  is  assumed  to  be  representative 
of  the  third  or  fourth  takeoff  flight  path  climb  segments.  However,  the  conduct 
of  climb  tests  for  the  latter  two  configurations  is  necessary  for  the  determination 
of  the  takeoff  path  required  in  section  4b.ll6. 

(3)  Flaps  in  en  route  position,  section  4b. 120  (c) .  See  the  second  paragraph 
under  “Discussion  of  policies  relating  to  test  procedures  for  the  determination  of 
cUmb' performance  in  section  4b.  118-1.” 

(4)  Ffaps  in  approach  position,  section  4b. 120  (rf).  This  airplane  config¬ 
uration  is  intended  to  represent  conditions  under  which  a  pilot  would  attempt 
to  “go  around”  after  an  approach  in  which  the  engine  became  inoperative  and 
section  4b.  120  (d)  is  intended  to  insure  that  the  airplane  will  have  the  per¬ 
formance  necessary  to  accomplish  this  maneuver. 

(c)  Thoo-engine-inoperative  climb,  section  4b. 121.  The  probability  of  two 
engines  failing  in  a  single  flight  is  considered  remote  and  therefore  it  is  not  believed 
reasonable  to  specify  a  climb  requirement  which  would  have  to  be  met  for  this 
conflguration.  CUmb  tests  should  be  demonstrated  in  this  configuration  for  the 
purpose  of  obtaining  the  data  necessary  to  beshown  in  the  Airplane  Flight  Manual. 


4b.  118-1  Test  procedures  for  the  determination 
of  dimb  performance  {FAA  policies  which  apply 
to  sec.  4b.ll8).  The  test  conditions  and  methods 
in  (a)  through  (i)  of  this  section  assume  that 
the  flight  test  data  do  not  exhibit  excessive 
scatter  in  points  and  that  if  such  scatter  makes 
the  accuracy  of  the  cUmb  slopes  questionable, 
additional  tests  and/or  the  appUcants’  previous 
flight  test  data  for  the  particular  configuration 
involved  should  be  available.  The  following 
methods  are  also  based  upon  consistent  flight 
test  data  that  can  be  properly  correlated,  and 
the  use  of  previous  acceptable  test  and  correc¬ 
tion  methods.  All  new  tests  and  correction 
methods  will  be  judged  upon  their  own  merits. 
Polar  curve  or  other  equivalent  methods  are 
acceptable.  The  number  of  climb  tests  recom¬ 
mended  for  each  case  in  (a)  and  (b)  of  this 
section  represents  a  minimum,  and  in  certain 
instances  it  is  possible  that  more  tests  may 
be  necessary. 

(a)  For  aU  takeoff  path  segments,  landing  and 
approach  dimb. 


(1)  If  it  is  desbed  to  show  that  the  re¬ 
quired  climb  is  met  at  the  highest  altitude  and 
heaviest  weight  to  be  certified,  a  constant  rate 
of  climb  curve  with  altitude  should  be  accept¬ 
able.  One  good  climb  should  be  satisfactory 
if  it  is  50  ft. /min.,  or  more,  in  excess  of  the  re¬ 
quired  climb  at  the  highest  altitude  for  which 
certification  is  desired.  Three  climbs  (at  same 
altitude)  should  be  made  if  the  R/C  is  less  than 
50  ft. /min.  in  excess  of  the  required  climb.  (No 
climb  variation  with  weight  or  altitude.) 

(2)  If  it  is  desired  to  determine  the  rate  of 
dimb  vs.  altitude  curve: 

(i)  For  a  sea  level  engine,  or  the  critical 
altitude  above  the  maximum  altitude  of  certifi¬ 
cation  (no  breaks  in  the  curve)  where  the  alti¬ 
tude  range  is  not  in  excess  of  8,000  feet,  two  good 
climbs  at  each  weight  over  the  altitude  range  if 
weight  spread  is  in  excess  of  10  percent  but 
not  less  than  4  climbs  if  only  one  weight  is  used. 
If  the  altitude  range  is  in  excess  of  8,000  feet, 
three  climbs  at  each  weight  over  the  altitude 
range  (6  climbs  if  weight  range  is  in  excess  of 
10  percent)  should  be  -conducted. 
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(ii)  For  installatioos  where  a  critical  alti¬ 
tude  is  within  the  altitude  range  (one  break  in 
the  curve)  two  climbs  on  one  slope  of  the  curve 
should  be  conducted  at  each  weight  and  at  least 
one  dimb  on  the  other  slope  (6  climbs  for  a 
weight  spread  of  10  percent  or  more).  If  the 
altitude  range  is  in  excess  of  8,000  feet,  con¬ 
sideration  should  be  given  to  the  need  for  a 
fourth  dimb  at  each  weight. 

(iii)  For  installations  where  two  breaks  in 
the  R/C  curve  occur  within  the  certification 
range,  four  climbs  at  each  weight  should  be 
made. 

(b)  For  all  engine  en  route,  one-engine-dnoper- 
ative  en  route  and  tvxt-engines-inoperative  en 
route  climbs. 

(1)  The  regulations  specify  that  these 
climbs  should  be  determined  at  all  altitudes  of 
expected  use  and  weight  of  certification.  For 
each  weight  at  least  the  following  climbs  should 
be  conducted: 


Altitude  Range 

SL- 

8,000 

SL- 

17,000 

SL- 

25,000 

No  breaks  in  curve  (one  slope) . 

‘  2 

‘  3 

4 

One  break  (2  slopes) . 

‘  3 

4 

4 

Two  breaks  (3  slopes) _ 

4 

4-5 

Three  breaks  (4  slopes) . 

5 

5 

■  Bat  not  loot  than  4  if  only  one  weight  is  used. 


(2)  When  an  airplane  is  approved  for  more 
than  one  landing  flap  position,  the  climb  require¬ 
ments  for  the  cruising  and  en  route  configura¬ 
tions  should  be  based  upon  the  stall  speed  with 
the  maximum  sea  level  landing  flap  position 
for  which  the  airplane  is  eligible. 

(3)  Where  several  climb  points  are  avail¬ 
able  at  the  same  test  conditions  the  average 
point  should  be  determined  by  averaging  all 
consistent  points  not  using  the  obviously  er¬ 
ratic  points  (either  high  or  low). 

(c)  Weight  and  e.  g.  position. 

(1)  The  climb  tests  should  be  conducted 
at  maximum  takeoff  weight  for  takeoff  climbs 
and  at  maximum  landing  weight  for  landing 
climbs.  Climbs  should  also  be  made  at  an 
optional  lower  wei^t  for  both  the  takeoff  and 
landing  configuration. 

(2)  Climbs  may  be  made  at  any  c.  g. 
position  except  where  the  applicant  elects  to 


vary  the  stalling  speed  with  c.  g.  position  in 
which  case  the  most  critical  c.  g.  position  should 
be  used.  (See  sec.  4b. 112-1  (b).) 

(d)  Airplane  configuration. 

(1)  The  cowl  flaps  should  be  set  in  the 
required  position  prior  to  conducting  climb 
tests.  The  position  of  the  cowl  flaps  for  the 
takeoff  segments  should  comply  with  the  pro¬ 
visions  of  the  takeoff  cooling  tests  of  section 
4b.453. 

(2)  If  more  than  one  wing  flap  setting  is  to 
be  used  for  takeoff  or  landing,  additional  tests 
should  be  included  to  cover  the  flap  range  (see 
sec.  4b.lll-l  (b)). 

(e)  Engine  power. 

(1)  The  power  should  be  stabilized  prior 
to  conducting  the  climb  tests.  The  climbs 
should  be  made  at  constant  power  or  at  constant 
throttle  setting.  Unless  limited  by  engine 
temperature,  tests  should  be  run  for  at  least  3 
minutes  at  takeoff  power.  If  limited  by 
temperature,  short  duration  tests  of  approxi¬ 
mately  1  minute  duration  should  be  acceptable 
provided  the  stabilized  climbing  speed  is  at¬ 
tained  by  accelerating  from  a  lower  speed. 
Where  maximum  continuous  power  is  required, 
climb  tests  should  be  of  5  minutes  duration  or 
not  necessarily  more  than  climbs  of  2,000  feet 
but  in  any  case  not  less  than  3  minutes.  If 
climb  tests  are  conducted  for  short  durations, 
such  as  takeoff  climbs  which  are  limited  by  an 
engine  rating  of  two  minutes  for  takeoff  power, 
consideration  should  be  given  to  the  necessity 
of  conducting  an  adequate  number  of  tests  in 
order  to  obtain  results  which  are  representative 
of  the  actual  performance. 

(2)  For  the  one-engine-inoperative  climb 
tests,  it  may  be  assumed  that  the  critical 
inoperative  engine,  performancewise,  is  the 
higher  powered  outboard  engine  unless  there 
is  evidence  to  indicate  that  another  engine  is 
more  critical. 

(3)  For  all  climb  tests,  the  piowerplant 
equipment  and  accessories  appropriate  to  the 
specific  configuration  being  tested  should  be  in 
operation.  During  each  test,  a  record  should 
be  made  of  such  accessories  in  operation  and  of 
the  particular  engine  from  which  power  is  being 
absorbed. 

(f)  Climb  speeds.  The  climb  speeds  are  to 
be  selected  by  the  applicant,  but  should  be 
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consistent  with  the  performance  and  cooling 
requirements  involved.  The  airspeed  should  be 
stabilized  prior  to  conducting  the  climb  tests. 

(g)  Position  of  wings.  The  airplane's  wings 
should  be  maintained  in  a  level  attitude  during 
all  takeoff  climb  teats  with  one  engine  inoper¬ 
ative. 

(h)  Climbs  to  be  made  in  free  air.  AU  climbs 
should  be  conducted  in  free  air  (without  ground 
effect). 

(i)  Data.  In  addition  to  the  following  items, 
the  data  necessary  to  establish  the  weight  and 
c.  g.  position  during  the  climb  tests  should 
be  recorded. 

Pressure  altitude  recorded  at  15  second 
intervals. 

Humidity  recorded  at  15  second  intervals. 

Air  speed  recorded  at  15  second  intervals. 

R.  P.  M. 

Manifold  pressure. 

Torque  pressure. 

Carburetor  air  temperature. 

Mixture  setting. 

Throttle  setting. 

Cowl  flap  position. 

Wing  flap  position. 

Landing  gear  position. 

(19  F.  R.  4452,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.ll9  Climb;  all  engines  operating, 

(a)  Cruising  configuration.  In  the  cruising 
configuration  the  steady  rate  of  ciimh  in  feet 
per  minute  at  5,000  feet  shall  not  he  less  than 
8  Vat.  In  addition  the  steady  rate  of  ciimh  shall 
he  detm’mined  at  any  altitude  at  which  the  air¬ 
plane  is  expected  to  operate  and  at  any  weight 
within  the  range  of  weights  to  he  specified  in 
the  airworthiness  certificate.  The  cruising 
configuration  shall  he  with: 

(1)  Landing  gear  fully  retracted, 

(2)  Wing  flaps  in  the  most  favorahle 
portion, 

(3)  Cowl  flaps  (or  other  means  of  control¬ 
ling  the  engine  cooling)  in  the  position  which 
provides  adequate  cooling  in  the  hot-day  con¬ 
dition, 

(4)  Center  of  gravity  in  the  most  unfavor¬ 
able  position, 

(5)  All  engines  operating  within  the  max¬ 
imum  continuous  power  limitations, 

(6)  Maximum  takeoff  weight. 


(b)  Landing  configuration.  In  the  land¬ 
ing  configuration  the  steady  rate  of  climb  in 
feet  per  minute  shall  not  be  less  than  0.07  F*,* 
at  any  altitude  within  the  range  for  which  land¬ 
ing  weight  is  to  be  specified  in  the  certificate, 
with: 

(1)  Landing  gear  extended, 

(2)  Wing  flaps  in  the  landing  position  (see 
secs.  4b.lll  and  4b.323), 

(3)  Cowl  flaps  in  the  position  normally 
used  in  an  approach  to  a  lan^ng, 

(4)  Centmr  of  gravity  in  the  most  unfavor¬ 
able  position  permitted  for  landing, 

(5)  All  engines  operating  at  the  takeoff 
power  available  at  such  altitude, 

(6)  The  weight  equal  to  maximum  landing 
weight  for  that  altitude, 

(7)  A  climb  speed  not  in  excess  of  1.4  F*,. 

4b.  11 9-1  Determination  of  all  engine  climb 

(FAA  policies  which  apply  to  sec.  4b. 119). 

(a)  Cruising  configuration  test,  section  4b.ll9 
(o). 

(1)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximum  takeoff  and  one 
lower. 

C.  G.  position— optional  (see  sec.  4b.l  18- 
1  (c)  (2)). 

Wing  flaps — optional. 

Landing  gear — ^retracted. 

Engines — ^maximum  continuous  r.  p.  m. 
and  manifold  pressure  or  full  throttle, 
mixture  setting  in  normal  position, 
carburetor  air  heat  control  cold  and 
cowl  flaps  in  FAA  hot  day  cooling 
position. 

(2)  Test  procedure  and  required  data.  See 
section  4b.ll8-l  for  test  procedure  and  re¬ 
quired  data  in  connection  with  climb  tests. 

(b)  Landing  configuration  test,  section 
4b.tl9  (6). 

(1)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximum  landing  and  one 
lower. 

C.  G.  position — optional  (see  sec.  4b.l  18- 
1  (c)  (2)). 

Wing  flaps — landing  position. 

Landing  gear — extended. 

Engines — takeoff  power  and  manifold 
pressure  or  full  throttle  mixture  setting 
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in  nonnal  position,  carburetor  air  heat 
control  cold  and  cowl  flaps  in  approach 
position. 

(2)  Test  procedures  and  required  data.  See 
section  4b. 118-1  for  test  procedure  and  required 
data  in  connection  with  climb  tests. 

(19  F.  R.  4453,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.l20  One-engine-inoperative  climb. 

(a)  Flaps  in  takeoff  position;  landing 
gear  extended.  The  steady  rate  of  climb  with- 
out  ground  effect  shall  not  be  less  than  50 
ft/min.  at  any  altitude  within  the  range  for 
which  takeoff  weight  is  to  be  specified  in  the 
certificate,  with: 

(1)  Wing  flaps  in  the  takeoff  position  (see 
sees.  4b.lll  and  4b.d23), 

(2)  Cowl  flaps  in  the  position  normally  used 
duriug  takeoff, 

(3)  Center  of  gravity  in  the  most  unfavora¬ 
ble  position  permitted  for  takeoff, 

(4)  The  critical  engine  inoperative,  its 
propeller  windmilling  with  the  propeller  control 
In  a  position  normally  used  during  takeoff, 

(5)  All  other  engines  operating  at  the  take¬ 
off  power  available  at  such  altitude, 

(6)  The  speed  equal  to  the  minimum  take¬ 
off  safety  spe^  Vi  (see  sec.  4b.ll4  (b)), 

(7)  The  weight  equal  to  maximum  takeoff 
weight  for  that  altitude, 

(8)  Landing  gear  extended. 

(b)  Flaps  in  takeoff  position;  landing 
gear  retracted.  With  the  landing  gear  re¬ 
tracted  the  steady  rate  of  climb  in  feet  per 
minute  shall  not  be  less  than  0.035  Fst^  with  all 
other  conditions  as  described  in  paragraph  (a) 
of  this  section. 

(c)  Flaps  in  en  route  position.  The  steady 
rate  of  climb  in  feet  per  minute  at  any  altitude 
at  which  the  airplane  is  expected  to  operate, 
at  any  wmght  wi^n  the  range  of  weights  to  be 
spedfied  in  the  airworthiness  certificate,  shall 
be  determined  and  shall,  at  a  standard  altitude 
of  5,000  feet  and  at  the  maximum  takeoff 
wdght,  be  at  least 

(0.06-?^)f.,*, 

where  N  is  the  number  of  engines  installed, 
with: 

(1)  The  landing  gear  retracted. 


(2)  Wing  flaps  in  the  most  favorable  posi¬ 
tion, 

(3)  Cowl  flaps  or  other  means  of  controlling 
the  engine  cooling  air  supply  in  the  positiou 
which  provides  adequate  cooling  in  the  hot-day 
condition, 

(4)  Center  of  gravity  in  the  most  unfavora¬ 
ble  position, 

(5)  The  critical  engine  inoperative,  its 
propeller  stopped, 

(6)  All  remaining  engines  operating  at  the 
maximum  continuous  power  available  at  the 
altitude. 

(d)  Flaps  in  approach  position.  The 
steady  rate  of  climb  in  feet  per  minute  shall 
not  be  less  than  0.04  F«o^  at  any  altitude  within 
the  range  for  which  landing  weight  is  to  be 
specified  in  the  certificate,  with: 

(1)  The  landing  gear  retracted, 

(2)  Wing  flaps  set  in  position  such  that  V», 
does  not  exceed  1.10  Vst, 

(3)  Cowl  flaps  in  the  position  normally 
used  during  an  approach  to  a  landing, 

(4)  Center  of  gravity  in  the  most  unfavora¬ 
ble  position  permitted  for  landing, 

(5)  The  critical  engine  inoperative,  its  pro¬ 
peller  stopped, 

(6)  All  remaining  engines  operating  at  the 
takeoff  power  available  at  such  altitude, 

(7)  The  weight  equal  to  the  maximum 
landing  weight  for  that  altitude, 

(8)  A  climb  speed  not  in  excess  of  1.5  F«i. 

4b.  120-1  Approval  of  automatic  propeller 

feathering  installations  for  use  in  establishing 
flaps  in  takeoff  position  climb  (FAA  policies 
which  apply  to  sec.  Ji.b.120  (o)  and  (6)).  The 
propeller  of  the  inoperative  engine  may  be  in 
the  feathered  condition  during  either  or  both  of 
the  landing  gear  extended  or  retracted  condi¬ 
tions  if: 

(a)  The  propeller  would  be  completely  feath¬ 
ered  at  the  beginning  of  these  segments  of  the 
takeoff  flight  path,  or 

(b)  It  can  be  shown  that  the  network  pro¬ 
duced  by  the  feathering  propeUer  during  the 
segment  is  positive  using  a  datum  based  on 
feathered  propeller  drag.  (See  secs.  4b.  10-2, 
4b.401-l,  and  4b.700-l.) 

(19  F.  R.  1818,  Apr.  2,  1954,  effective  Apr.  2,  1954/' 
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4b.  120-2  DetermiruUion  oj  one-engine-inoper- 
aiioe  dimb  {FAA  policies  which  apply  to  sec. 

4b.m). 

(a)  Flaps  in  takeojff  position;  landing  gear 
extended,  section  4b.li0  (a).  Policies  outlined 
in  section  4b.  U  6-2  (b)  (2)  will  apply. 

(b)  Flaps  in  takeoff  position;  landing  gear 
retracted,  section  4b.l20  (b).  Policies  outlined 
in  section  4b.ll6-2  (b)  (3)  will  apply. 

(c)  Flaps  in  en  route  position,  section 
4b. m  (c). 

(1)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximmn  takeoff  and  one 
lower. 

C.  G.  position — optional  (see  sec.  4b.ll8- 
1  (c)  (2)). 

Wing  flaps — optional. 

Landing  gear — retracted. 

Operating  engine(s) — maximum  contin¬ 
uous  r.  p.  m.  and  manifold  pressure  or 
full  throttle,  mixture  setting  at  normal 
position,  carburetor  air  heat  control  at 
cold  and  cowl  flaps  in  FAA  hot  day 
cooling  position. 

Critical  inoperative  engine  —  throttle 
dosed  on  engine  most  critical  perform- 
ancewise  (see  sec.  4b.  118-1  (e)  (2)), 
propeller  feathered  and  cowl  flaps  in 
minimum  drag  position. 

(2)  Test  procedure  and  required  data.  The 
airplane  should  be  climbed  at  the  en  route 
climb  speed.  See  section  4b.  118-1  for  test 
procedure  and  required  data  in  connection 
with  dimb  tests. 

(d)  Flaps  in  approach  position,  section 

4b.m  (d). 

(1)  Conjiguration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — ^maximum  landing  and  one 
lower. 

C.  G.  position — optional  (see  sec. 
4b.ll8-l  (c)  (2)). 

Wing  flaps' — approach  position  (F*,  must 
not  exceed  1.10  F«o). 

Landing  gear — ^retracted. 

Operating  engine(s) — takeoff  r.  p.  m.  and 
manifold  pressure  or  full  throttle,  mix¬ 
ture  setting  at  normal  position,  carbu¬ 
retor  air  heat  control  at  cold  and  cowl 
flaps  in  approach  position. 


Critical  inoperative  engine  —  throttle 
closed  on  engine  most  critical  perform- 
ancewise  (see  sec.  4b.  118-1  (e)  (2)), 
propeller  feathered  and  cowl  flaps 
position  optional. 

(2)  Test  procedure  and  required  data.  The 
airplane  should  be  climbed  at  the  approach 
climb  speed.  See  section  4b.  118-1  for  test 
procedure  and  required  data  in  connection 
with  climb  tests. 

(19  F.  R.  4453,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.l21  Two-engine-inoperative  climb. 
For  airplanes  with  four  or  more  engines,  the 
steady  rate  of  climb  at  any  altitude  at  which 
the  airplane  is  expected  to  operate,  and  at  any 
weight  within  the  range  of  weights  to  be 
specified  in  the  Airplane  Flight  Manual,  shall 
be  determined  with: 

(a)  The  landing  gear  retracted, 

(b)  Wing  flaps  in  the  most  favorable  position, 

(c)  Cowl  flaps  or  other  means  of  controlling 
the  engine  cooling  air  supply  in  the  position 
which  will  provide  adequate  cooling  in  the  hot- 
day  condition, 

(d)  Center  of  gravity  in  the  most  unfavorable 
position, 

(e)  The  two  critical  engines  on  one  side  of 
the  airplane  inoperative  and  their  propellers 
stopped, 

(f)  All  remaining  engines  operating  at  the 
maximum  continuous  power  available  at  that 
altitude. 

4b. 121-1  Determination  of  two-engine-inop- 
erative  climb  {FAA  policies  which  apply  to  sec. 
4h.l21). 

(a)  Configuration.  This  test  should  be  con¬ 
ducted  in  the  configuration  that  follows : 

Weight — two  optional  weights. 

C.  G.  position — optional  (see  sec.  4b.  118-1 

(c)  (2)). 

Wing  flaps — optional. 

Landing  gear — retracted. 

Operating  engines — maximum  continuous 
r.  p.  m  and  manifold  pressure  or  full 
throttle,  mixture  setting  at  normal  posi¬ 
tion,  carburetor  air  heat  control  at  cold 
and  cowl  flaps  in  FAA  hot  day  cooling 
position. 

Critical  inoperative  engines — throttles 
closed  on  outboard  engine  most  critical 
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perfonnancewise  (see  sec.  4b.  118-1  (e) 
(2)),  and  on  adjacent  engine,  propellers 
feathered  and  cowl  flaps  in  minimum 
drag  position. 

(b)  Test  procedure  and  required  data.  See 
section  4b.  1 18-1  for  test  procedure  and  required 
data  in  connection  with  dimb  tests. 

(19  F.  R.  4454,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.l22  Determination  of  the  landing 
dhtance;  general.  The  horisontal  distanee 
required  to  land  and  to  come  to  a  complete 
stop  (to  a  speed  of  apiROzimatelj  3  m.  p.  h.  tor 
seaplanes  or  float  planes)  firom  a  point  at  a 
hdght  of  50  feet  abore  the  landing  siuface  shall 
be  determined  for  a  range  of  wdghts  and  alti¬ 
tudes  sdected  by  the  applicant.  In  making 
this  determination  the  following  conditions 
shall  apply: 

(a)  A  steady  gliding  approach  shall  hare  been 
maintained  down  to  the  50-foot  altitude  with  a 
calibrated  aid  speed  of  not  less  th*B  1.3  F«,. 

(b)  The  nose  of  the  airplane  shall  not  be 
depressed,  nor  the  forward  thrust  increased  by 
application  of  power  after  reaching  the  50-foot 
altitude. 

(c)  At  all  times  during  and  immediately  prior 
to  the  lan^g,  the  flaps  shall  be  in  the  landing 
position,  except  that  after  the  airplane  is  on 
the  landing  surface  and  the  calibrated  air  speed 
has  been  reduced  to  not  more  than  0.9  Vt«  the 
flap  position  may  be  changed. 

(d)  The  landing  shall  be  made  in  such  man¬ 
ner  that  there  Is  no  excessiye  yertical  accelera¬ 
tion,  no  tendency  to  bounce,  nose  oyer,  ground 
loop,  porpoise,  or  water  loop,  and  in  such 
manner  that  its  reproduction  shall  not  require 
any  exceptional  degree  of  skiU  on  the  part  of 
the  lulot,  or  exceptionally  fayorable  conditions. 

4b.  122-1  Downmnd  landings  (FAA  policies 
which  apply  to  sec.  4b.l£S).  Downwind  landing 
data  will  be  approved  on  the  following  basis  to 
provide  for  situations  where  geographic  loca¬ 
tions  and  terrain  indicate  they  are  desirable, 
as  well  as  for  use  with  ILS: 

(a)  Performance.  In  determining  the  re¬ 
quired  distances  for  landing  downwind,  the 
data  should  be  substantiated  by  actual  flight 
tests.  The  general  methods  and  procedures 
should  be  comparable  to  those  for  substantiat¬ 
ing  landing  distances  in  no  wind.  The  flight 
tests  should  be  conducted  in  tailwind  velocities 


up  to  the  maximum  velocity  for  which  approval 
is  desired  except  that  the  performance  tests 
may  be  simulated  iii  zero  wind  as  outlined 
below; 

(1)  Landings  should  be  demonstrated  by 
approaching  and  contacting  at  speeds  corre- 
spondmg  to  the  zero  wind  speed  plus  150  per¬ 
cent  of  the  tailwind  velocity  for  which  approval 
is  desired. 

(2)  In  determining  the  downwind  landing 
distances  for  the  Airplane  Flight  Manual  data, 
150  percent  of  the  effect  of  the  reported  tailwind 
velocity  should  be  taken  into  account.  (See 
sec.  4b.740-l  (d)  (2)  (x).)  This  may  in  some 
cases,  permit  calculating  the  required  distances 
without  further  tests  providing  sufliiciently  high 
speed  landings  and  decelerations  were  made 
in  the  original  type  tests.  However,  except  in 
the  cases  outlined  in  paragraph  (d)  of  this 
section,  actual  landings  should  be  made  under 
the  conditions  described  in  paragraph  (b)  of 
this  section,  to  check  the  flight  and  ground 
handling  characteristics. 

(b)  ControUabUity.  Landings  should  be  made 
in  steady  downwind  velocities  equal  to  1.5 
times  the  maximum  velocity  for  which  approval 
is  desired  to  check  the  controllability  at  the 
higher  ground  speed  with  correspondingly 
reduced  aerodynamic  control  forces,  dynamic 
balance  of  landing  gear,  nose  gear  shimmy  or 
vibration,  etc.  Also  actual  approaches  should 
be  demonstrated  under  the  above  wind  con¬ 
ditions  at  an  approach  angle  corresponding  to 
the  maximum  ILS  beam  angle  (3°  18')  to 
determine  the  minimum  altitude  on  the  glide 
path  from  which  the  airplane  can  be  readily 
flared  for  landing. 

(c)  Brakes.  At  present  it  is  believed  that 
for  calculated  landing  distance  based  on  actual 
airplane  deceleration  tests,  the  existing  brake 
capacity  requirements  are  sufficient  to  cover 
landings  in  downwind  velocities  of  10  m.  p.  h. 
measured  at  50'.  However,  in  wind  velocities 
above  10  m.  p.  h.  and  in  unusual  cases  or 
special  types  of  operation,  additional  tests  or 
substantiation  of  the  adequacy  of  the  brakes 
may  be  necessary  and  a  revision  to  the  braking 
system  may  be  required.  In  determining  the 
landing  distances  under  paragraph  (a)  of  this 
section,  normal  braking  as  outlined  in  section 
4b. 123  “Landplanes”  should  not  be  exceeded. 
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(d)  ToUmneea.  (2)  With  regard  to  controllability  tests 

(1)  With  regard  to  performance  tests  outlined  in  paragraph  (b)  of  this  section, 

outlined  in  paragraph  (a)  of  this  section,  approval  will  be  given  for  reported  downwind 

approval  will  be  given  for  calculated  landing  velocities  up  to  10  m.p.h.  measured  at  50  feet 

distances  for  reported  tailwind  velocities  up  to  without  additional  flight  tests. 

10  m.p.h.  measured  at  50  feet  height  without  ,010  «>  iqca  «  *  a  o 

camera  tests  additional  to  those  required  for  amended  20  F.R.  2277,  Apr.  8,  1955,  effective  Apr.  30, 
approval  of  the  no  wind  data.  1955.) 

Discussion  of  Policies  Relating  to  Determination  of  the  Landing 
Distances  in  Section  4b.  122-2 

The  purpose  of  the  requirement  specified  in  section  4b.  122  is  to  determine  a 
distance  from  a  point  50  feet  above  the  takeoff  surface  to  land  and  bring  the 
airplane  to  rest.  This  procedure  is  representative  of  the  actual  operating  tech¬ 
nique  and  may  serve  as  the  basis  for  the  specification  of  a  landing  runway 
length  within  which  a  pilot  of  average  skill  may  reasonably  be  expected  to  be 
able  to  land  the  airplane  safely  under  the  most  adverse  weather  or  other  operat¬ 
ing  conditions  likely  to  be  encountered  in  the  actual  operation. 

The  minimum  approach  speed  of  1.3  V«o  specified  in  section  4b.l22  (a)  is 
intended  to  provide  a  reasonable  margin  above  the  stalling  speed.  The 
“steady  gliding  approach"  is  an  approach  at  essentially  constant  indicated  air 
speed  for  a  suflSicient  length  of  time  prior  to  reaching  the  50-foot  point  to  simu¬ 
late  a  continuous  approach  at  this  speed. 

Sections  4b.l22  (b),  (c),  and  (d)  are  concerned  primarily  with  preventing 
airplane  contact  with  the  runway  surface  at  a  very  high  speed  in  order  to  take 
advanti^e  of  the  greater  deceleration  provided  by  most  wheel  brake  installations 
than  is  available  from  the  drag  of  the  airplane  while  still  airborne.  Flight 
Engineering  Report  No.  1,  “Investigation  of  the  Landing  Distance  Required 
by  CAR  04.7503  for  a  Tjrpical  .Airplane,"  covers  an  investigation  undertaken  to 
determine  the  effect  of  various  factors  which  were  considered  in  drafting  section 
4b.  122  and  indicates  the  critical  dependence  of  the  landing  distance  here  defined 
upon  the  contact  speed.  The  purposes  of  section  4b.  122  (d)  would  be  defeated 
if  a  distance  is  obtained  by  making  contact  at  high  speed  which  would  require 
an  exceptional  degree  of  skill  on  the  part  of  the  pilot,  or  to  base,  a  distance 
upon  exceptionally  favorable  conditions  such  as  wind  or  the  nature  of  the 
surface  of  the  runway. 

4b,  122-2  DetermiTuUion  oj  the  landing  die-  landing  distances  for  altitudes  from  sea  level  to 

tancee  {FAA  poHciee  which  apply  to  see.  4bJ££).  8,000  feet.  If  a  greater  range  of  airport  altitudes 

(a)  When  a  particular  airplane  cannot  comply  is  derired,  the  tests  should  be  conducted  at  two 

with  that  part  of  section  4b.l22  (d)  regarding  '  or  more  altitudes. 

exceptional  d^;ree  of  skill  on  the  part  of  the  (jg  p.  r,  4454^  jyjy  20, 1954,  effective  Sept.  1, 1954.) 
pilot  m  landing  from  the  50-foot  height  with 

power  off,  compliance  with  the  regulation  4b.l22-3  Reverse  thrvet  used  in  determimaion 

should  be  shown  by  applying  suflicient  power  landing  dtetanee  {FAA.  polieiee  which  apply 

during  the  approach  to  permit  satisfactoiy  to  sec.  4b.l2g).  The  policies  outlined  in  section 
landing.  4b.402-l  (1)  will  apply. 

(b)  In  the  tests  required  by  sections  4b. 123  ^^7,  Apr.  8, 1955,  effective  Apr.  30, 1955.) 

through  4b.l24  generally  one  set  of  data  at  one  4b.l22-4  Determination  oj  the  landing  die- 
altitude  should  be  suflicient  to  determine  the  tance  with  an  antiskid  device  installed  (FAA 
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policies  which  apply  to  see.  4b.l22).  The 
policies  ouUined  in  section  4b.337-4  will  apply. 

(21  F.  R.  2258,  Apr.  19, 1956,  effective  May  15,  1956.) 

4b.  123  Landplanes.  The  landing  distance 
referred  to  in  section  4b.  122  shall  be  deter¬ 
mined  on  a  dry,  hard-surfaced  runway  in  ac¬ 
cordance  with  the  following: 

(a)  The  operating  pressures  on  the  braking 
system  shall  not  be  in  excess  of  those  approved 
by  the  manufacturer  of  the  brakes, 

(b)  The  brakes  shali  not  be  used  in  such 
manner  as  to  produce  excessive  wear  of  brakes 
or  tires, 

(c)  Means  other  than  wheel  brakes  may  be 
used  in  determining  the  landing  distance: 
Provided,  That: 

(1)  Exceptional  skill  is  not  required  to 
control  the  airplane, 

(2)  The  manner  of  their  employment  is 
such  that  consistent  results  could  be  expected 
under  normal  service,  and 

(3)  They  are  regarded  as  reliable. 

4b.  123-1  Excessive  wear  of  brakes  or  tires 
{FAA  interpretation  which  applies  to  see. 
4b.l2S  (b)).  “Excessive  wear”  is  interpreted  as 
skidding  of  a  tire  or  excessive  heating  of  the 
brakes  which  requires  replacement  during  a 
series  of  five  official  test  landings. 

(19  F.  R.  4454,  July  20, 1954,  effective  Sept.  1, 1954.) 

4b.  123-2  Determination  of  the  landing  dis¬ 
tance  (landplanes)  (FAA  policies  which  apply 
to  sec.  4b. 123). 

(a)  Landing  tests.  The  landing  test  should 
be  demonstrated  in  accordance  with  the 
following  provisions: 

(1)  Landings  should  be  made  over  an  im- 
aginaiy  50-foot  obstacle  at  the  maximum  land¬ 
ing  weight  and  at  a  lower  weight  at  one  altitude. 

(2)  During  the  landing  demonstrations,  the 
glide  path  should  be  established  by  the  pilot  as 
set  forth  in  section  4b.  122.  The  forward  thrust 
should  not  be  increased  beyond  the  50-foot 
obstacle.  The  ground  roll  should  lie  as  close  to 
a  rectilinear  path  as  possible  including  the  air¬ 
plane  stop  point.  During  each  demonstration 
landing,  the  airplane  should  be  brought  to  a 
complete  stop. 

(3)  Instrumentation: 

(i)  Instrumentation  should  include  a 
means  to  record  the  airplane’s  glide  path  rela¬ 


tive  to  the  ground  and  the  ground  roll  against 
time  in  a  manner  to  determine  the  horizontal 
and  vertical  distance-time  histories. 

(ii)  A  means  should  be  provided  to 
measure  the  wind  velocity  and  direction,  pres¬ 
sure  altitude,  and  ambient  air  temperature. 
The  wind  measurement  should  be  made  at  the 
height  of  6  feet  above  the  runway  surface.  If 
wind  effect  on  runway  lengths  is  shown  in  the 
Airplane  Flight  Manual  (see  sec.  4b.74{)-l  (d) 
(2)  (x)),  the  manual  data  should  be  based  on 
reported  wind  velocities  for  a  bO-'foot  tower 
height.  Figure  2  should  be  used  to  calculate 
the  wind  velocity  at  the  50-foot  height  from  the 
wind  velocity  measured  at  6  feet  above  the 
runway  surface. 

(iii)  The  ground  roll  distance  from  con¬ 
tact  to  full  stop  should  be  established  by 
observers  if  it  is  difficult  to  establish  the  exact 
contact  point  by  graphical  means. 

(4)  A  special  tolerance  of  not  greater  than 
±2  percent  of  the  maximum  landing  weight  b 
allowable  for  the  landing  dbtance  tests. 

(b)  Configuration.  The  landing  tests  should 
be  demonstrated  in  the  configuration  that 
follows: 

Weight — maximum  landing  and  one  lower. 

C.  G.  position — most  forward  for  braked 
landings. 

Wing  flaps — ^landing  position. 

Landing  gear — extended. 

(c)  Test  procedure  and  required  data. 

(1)  Three  landings  should  be  conducted  at 
each  weight  with  the  airplane  stabilized  in  a 
glide  at  a  calibrated  air  speed  of  not  less  than  1.3 

approximately  1,000  feet  (longitudinally) 
prior  to  reaching  an  altitude  of  50  feet.  For¬ 
ward  thrust  should  not  be  increased  beyond  the 
50-foot  obstacle;  braking  should  not  exceed 
manufacturer’s  approved  maximum  brake  pres¬ 
sure  and  should  be  applied  in  such  a  manner  as 
not  to  produce  excessive  wear  of  brakes  and 
tires  as  evidenced  by  five  measured  landings. 
If  more  than  one  flap  setting  is  to  be  used  for 
landing,  additional  tests  should  be  conducted 
to  cover  the  flap  range.  (See  sec.  4b.ll8-l  (d) 
(2).) 

(2)  The  airplane  path  relative  to  the  nm- 
way  should  be  recorded  against  time  in  a 
manner  to  determine  the  horbontal  and  vertical 
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diftaaoe-*time  history.  In  addition,  the  follow¬ 
ing  data  should  be  recorded: 

Fteesure  altitude. 

Ambient  air  temperature. 

Airplane  gross  weight. 

R.  P.  M. 

Manifold  pressure. 

Torque  pressure. 

Carburetor  air  temperature. 

Mixture  setting. 

Cowl  flap  position. 

Wing  flap  position. 

Slope  of  field. 

Direction  of  landing  run. 

(3)  Wind  direction  and  wind  velocity 
should  be  recorded  adjacent  to  the  runway  at  a 
height  of  6  feet. 

(19  F.  R.  4454,  July  20, 1954,  effective  Sept.  1,  1954; 
amended  22  F.  R.  6968,  Aug.  29,  1957,  effective  Sept. 
15,  1957.) 

4b.l23-3  Reverae  thrust  used  in  landing  dis- 
ianee — landplanes  (FAA  policies  tokiek  apply 
to  see.  Jib.liS  (e)).  The  policies  outlined  in  sec¬ 
tion  4b.402-l  (1)  will  apply. 

(20  F.  R.  2277,  Apr.  8, 1955,  effective  Apr.  30, 1955.) 

4b.l23-4  Procedure  in  determination  oj  land¬ 
ing  distance  with  an  antiskid  device  install^ 
{FAA  policies  which  apply  to  see.  4h.li8S).  The 
policies  outlined  in  section  4b.337-4  will  apply. 

(21 F.  R.  2558,  Apr.  19, 1966,  effective  May  16, 1956.) 

4b.  124  Seaplanes  or  SoatpUmes.  The 
landing  distance  referred  to  in  section  4b.  122 
shall  be  determined  on  smooth  water. 

4b.l24-l  Determination  oJ the  landing  disUmce 
{seaplanes)  {FAA  policies  vtivieh  apply  to  sec. 

Policies  outlined  in  sections  4b.l22-2 
and  4b.l23-2  will  apply. 

(19  F.  R.  4464,  July  20, 1954,  effective  Sept.  1,  1954.) 

4b.  125  Skiplanes.  The  landing  distance 
referred  to  in  section  4b.l22  shall  be  deter¬ 
mined  on  smooth,  dry  snow. 

4b.  125-1  Determination  of  the  landing  distan¬ 
ces  {skiplanes)  {FAA  policies  which  apply  to  see. 
4b. US).  Policies  outlined  in  sections  4b.  122-2 
and  4b.l23-2  will  apply. 

(19  F.  R.  4454,  July  20, 1954,  effective  Sept.  1, 1954.) 


Controllability 

4b.l30  Controllability;  general. 

(a)  The  airplane  shall  be  safely  controllable 
and  maneuverable  daring  takeoff,  climb,  level 
flight,  descent,  and  landing. 

(b)  It  shall  be  possible  to  make  a  smooth 
transition  from  one  flight  condition  to  another, 
including  tarns  and  slips,  without  requiring  an 
exceptional  degree  of  skill,  alertness,  or  strength 
on  the  part  of  the  pilot  and  without  danger  of 
exceeding  the  iimit  load  factor  under  all  condi¬ 
tions  of  operation  probable  for  the  type,  includ¬ 
ing  those  conditions  normaliy  encountered  in 
the  event  of  sudden  failure  of  any  engine. 

[(c)  Ckimidiance  with  the  “strength  of  idiots’* 
limits  in  paragraph  (b)  of  this  section  need  not 
be  demonstrated  unless  the  condition  is  found 
to  be  marginal.  In  the  latter  case,  they  shall 
not  exceed  the  following  pilot  control  force 
limits,  expressed  in  pounds: 


Pitch 

Roll 

Yaw 

(1)  For  temporary  application... 

(2)  For  prolonged  ap^eation. . . 

76 

10 

60 

5 

180 

20 

Pitch  and  roll  forces  shall  be  measured  as 
applied  to  the  control  wheel. 

[(d)  For  the  purpose  of  complying  with  the 
temporary  control  force  limitations  of  paragraph 

(c)  of  this  section,  the  airplane  shall  be  operated 
in  accordance  with  approved  operating  proce¬ 
dure  or  conventional  operating  practice  including 
being  as  nearly  trimmed  as  possible  at  the  prior 
steady  flight  condition,  except  that  in  the  case 
of  takeoff  the  airplane  shall  be  trimmed  in 
accordance  with  approved  operating  procedures. 

[(e)  For  the  purpose  of  complying  vith  the 
prolonged  control  force  limitations  of  paragraph 
(c)  of  this  section,  the  airplane  shall  be  as 
nearly  trimmed  as  possible.] 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mv.  30, 1962,  effective  May  3, 1962.)] 

4b.l30-l  Procedure  Jor  demonstrating  control¬ 
lability  qualities  {FAA  policies  which  apply  to 
see.  4h.lS0).  The  general  controllability  and 
maneuverability  qualities  of  the  airplane  should 
be  observed  and  noted  throughout  the  flight 
test  program.  The  amount  of  force  required  to 
be  exerted  on  the  controls  in  conducting  such 
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maneavera  specified  in  section  4b. 130  should 
also  be  noted. 

(19  F.  R.  4454,  July  20,  1954,  effective  Sept.  1, 1954.) 

4b.lSl  Longitudinal  control. 

(a)  It  shall  be  possible  at  all  speeds  between 
the  trim  speed  prescribed  in  section  4b.l  12(c) 

(1)  and  V«i  to  pitch  the  nose  downward  so 
that  a  prompt  recovery  to  this  selected  trim 
speed  can  be  made  with  the  following  combi¬ 
nation  of  airplane  configurations: 

(1)  The  airplane  trimmed  at  the  trim 
speed  prescribed  in  section  4b.l  12(c)(1), 

(2)  The  landing  gear  extended, 

(3)  The  wing  flaps  in  a  retracted,  and  in 
an  extended  position, 

(4)  Power  off,  and  maximum  continuous 
power  on  all  engines. 

(b)  [During  each  of  the  following  controlla¬ 
bility  demonstrations,  a  change  in  the  trim 
control  shall  not  be  required.  In  addition, 
exmtion  of  more  than  50  pounds  control  force, 
representative  of  the  maximum  temporary  force 
wUch  can  readUy  be  applied  by  one  hand,  shall 
not  be  required.]  Each  maneuver  shall  be 
performed  with  the  landing  gear  extended. 

(1)  With  power  off,  flaps  retracted  and 
the  airplane  trimmed  at  1.4  Fa„  the  flaps  shall 
be  extended  as  ra^dly  as  possible  whUe 
maintaining  the  airspeed  apiuoximately  40 
percent  above  the  staUing  spe^  prevailing  at 
any  instant  throughout  the  maneuver. 


(2)  The  maneuver  of  subparagraph  (1) 
of  this  paragraph  shall  be  repeated,  except  that 
it  shall  be  started  with  flaps  extended  and  the 
airplane  trimmed  at  1.4  F«„  after  which  the 
flaps  shall  be  retracted  as  rapidly  as  possible. 

(3)  The  maneuver  of  subparagraph  (2)  of 
this  paragraph  shall  be  repeated,  except  that 
take-off  power  shall  be  used. 

(4)  With  power  off,  flaps  retracted,  and 
the  airplane  trimmed  at  1.4  Fa„  take-off 
power  shall  be  applied  quickly  while  maintain¬ 
ing  the  same  airspeed. 

(5)  The  maneuver  of  subparagraph  (4)  of 
this  paragraph  shall  be  repeated,  exce^  that 
the  flaps  shall  be  extended. 

(6)  With  power  off,  flaps  extended,  and  the 
airplane  trimmed  at  1.4  Fa,,  airspeeds  within 
the  range  of  1.1  Fa,  to  1.7  Fa,  or  to  VrE,  which¬ 
ever  of  the  two  is  the  lesser,  shall  be  obtained 
and  maintained. 

(c)  It  shall  be  possible  without  the  use  of 
exceptional  pUoting  sldll  to  prevent  loss  of 
altitude  when  wing  flap  retraction  from  any 
position  is  initiated  during  steady  straight  level 
flight  at  a  speed  equal  to  1.1  Fa,  with  simul¬ 
taneous  apidication  of  not  more  than  maximum 
continnons  power,  with  the  landing  gear  ex¬ 
tended,  and  with  the  airidane  weight  equal  to 
the  maximum  sea  level  landing  weight.  (See 
also  sec.  4b.323.) 

[(Amendment  4b-12,  pnbUshed  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 


Discussion  of  Policies  Relating  to  Procedure  for  Demonstrating 
Longitudinal  Control  in  Section  4b.  13 1-1 

Section  4b.l31  (b)  requires  changes  to  be  made  in  flap  position  and/or  power 
which  are  likely  to  be  encountered  during  an  approach  when  it  becomes  neces¬ 
sary  to  go  around  for  another  attempt  at  landing.  Its  purpose  is  to  insure  that 
any  of  these  changes  are  possible  assuming  that  the  pilot  finds  it  necessary  to 
devote  at  least  one  hand  to  the  initiation  of  the  desired  operation  without  being 
overpowered  by  the  primary  airplane  controls.  It  aims  at  a  design  such  that  no 
excessive  change  in  trim  results  from  the  application  or  removal  of  power  or  the 
extension  or  retraction  of  wing  flaps.  Compliance  with  its  terms  also  requires 
that  the  relation  of  control  force  to  speed  be  such  that  reasonable  changes  in 
speed  may  be  made  without  encountering  very  high  control  forces. 

Section  4b.l31  (c)  is  concerned  with  the  eventuality  of  going  around  during 
an  approach  for  landing  in  which  event  is  obviously  desirable  to  be  able  to 
retract  the  wing  flaps  quickly  and  automatically  at  such  a  rate  that  there  will 
be  no  loss  of  altitude  if  power  is  applied  simultaneously  with  the  initiation  of 
flap  retraction.  The  design  feature  involved  in  this  requirement  is  the  rate  of 
flap  retraction. 
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4b.l31-l  Procedvre  for  demoTutnUing  longi¬ 
tudinal  control  {FAA  policies  tokieh  apply  to 
see.  Ih.lSl).  The  flight  tests  specified  in  (a) 
through  (h)  of  this  section  should  be  made  in 
demonstrating  compliance  with  section  4b.  131. 
These  tests  may  be  conducted  at  an  optional 
altitude  (see  sec.  4b. 100-3  (c)).  Where  appli¬ 
cable,  the  following  conditions  should  be  main¬ 
tained  on  tbe  engines:  propellers  in  low  pitch, 
throttles — closed  except  as  noted;  cowl  flaps — 
appropriate  for  the  flight  condition. 

(a)  Longitudinal  control  recovery,  section  46.131 
(o).  The  test  specified  by  this  requirement 
should  be  demonstrated  with  power  off  and  also 
with  maximum  continuous  power. 

(1)  Configuniiion.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

(i)  Maximum  takeoff  weight,  flaps  and 
landing  gear  retracted,  c.  g.  position — ^most  aft. 

(ii)  Maximum  landing  weight,  flaps  ex¬ 
tended  in  the  maximum  landing  position ;  land¬ 
ing  gear  extended,  c.  g.  position — most  aft. 

(The  flap  extended  portion  of  this  test 
may  be  combined  with  tests  under  paragraph 
(g)  of  this  section.) 

(2)  Test  procedure  and  required  data.  The 
airplane  should  be  trimmed  at  the  speed 
prescribed  in  section  4b.  112  (c)(1);  the  nose 
should  be  pitched  downward  starting  from  any 
speed  betw'een  that  prescribed  in  section  4b.  112 
(c)(1)  and  V«i.  The  rate  of  increase  in  air¬ 
speed  should  be  satisfactory  for  prompt  ac¬ 
celeration  to  the  trim  speed  prescribed  in 
section  4b.ll2(c)tl).  The  following  data 
should  be  recorded: 

Weight. 

C.  G.  position. 

Wing  flap  position. 

Landing  gear  position. 

Engines,  r.  p.  m.  and  manifold  pressure. 

Pressure  altitude. 

Ambient  air  temperature. 

Trim  speed. 

Lowest  speed  from  which  pitch  is  satis¬ 
factory. 

Altitude  lost  to  regain  trim  speed. 

(b)  Longitudinal  control,  flap  extension,  sec¬ 
tion  4h.m  (6)  (f). 

(1)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximum  landing. 


C.  G.  position — most  forward  and  most 
aft. 

Wing  flaps — retracted. 

Landing  gear — extended. 

Engines — power  off. 

(2)  Test  procedure  and  required  data.  The 
airplane  should  be  trimmed  at  a  speed  of  1.4 
F«i;  the  flaps  should  be  extended  to  the  maxi¬ 
mum  landing  position  as  rapidly  as  possible. 
During  this  maneuver,  it  should  be  possible  to 
control  the  airplane  with  one  hand  for  a  reason¬ 
able  time  without  the  necessity  of  changing 
the  trim  control.  The  following  data  should 
be  recorded: 

Weight. 

C.  G.  position. 

Wing  flap  position. 

Landing  gear  position. 

Engines,  r.  p.  m.  and  manifold  pressure. 

Pressure  altitude. 

Ambient  air  temperature. 

Trim  speed  at  1.4  V*,. 

(c)  Longitudinal  control,  flap  retraction,  section 
4b.ISl  (6)  («). 

(1)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximum  landing. 

C.  G.  position — most  forward  and  most 
aft. 

Wing  flaps — maximum  landing  position. 

Landing  gear — extended. 

Engines — power  off. 

(2)  Test  procedures  and  required  data.  The 
airplane  should  be  trimmed  at  a  speed  of  1.4 
V$i;  the  flaps  should  be  retracted  as  rapidly  as 
possible.  During  this  maneuver,  it  should  be 
possible  to  control  the  airplane  with  one  hand 
for  a  reasonable  time  without  the  necessity  of 
changing  the  trim  control.  The  same  data  as 
are  specified  in  paragraph  (b)  (2)  of  this  section 
should  be  recorded. 

(d)  longitudinal  control,  flap  retraction,  sec¬ 
tion  4b.lSl  (6)  (5).  The  maneuver  siiown  in 
paragraph  (c)(2)  of  this  section  should  be 
repeated  with  takeoff  power  on  all  engines. 

(e)  Longitudinal  control,  power  application, 
section  4b.lSl  (6)  (4). 

(1)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximum  landing. 
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C.  G.  position — most  forward  and  most 
aft. 

Wing  flaps — retracted. 

Landing  gear — extended. 

Engines — power  off. 

(2)  Teat  procedure  and  required  data.  The 
airplane  should  be  trimmed  at  a  speed  of  1.4 
V$i;  takeoff  power  should  be  applied  quickly 
without  changing  the  airspeed.  During  this 
maneuver,  it  should  be  possible  to  control  the 
airplane  with  one  hand  for  a  reasonable  time 
without  the  necessity  of  changing  the  trim  con¬ 
trol.  The  same  data  as  are  specified  in  para¬ 
graph  {b)(2)  of  this  section  should  be  recorded. 

(f)  Longitudinal  control,  power  application, 
section  J^b.lSl  (6)  (d). 

(1)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximum  landing. 

C.  G.  position — most  forward  and  most 
aft. 

Wing  flaps — maximum  landing  position. 

Landing  gear — extended. 

Engines — ^power  off. 

(2)  Test  procedure  and  required  data.  The 
airplane  should  be  trimmed  at  a  speed  of  1.4 
Vtt',  takeoff  power  should  be  applied  quickly 
without  changing  the  airspeed.  During  this 
maneuver,  it  should  be  possible  to  control  the 
airplane  with  one  hand  for  a  reasonable  time 
without  the  necessity  of  changing  the  trim  con¬ 
trol.  The  same  data  as  are  specified  in  para¬ 
graph  (b)(2)  of  this  section  should  be  recorded. 

(g)  Ixyngitudinal  control,  airspeed  variation, 
section  4h.lSl  (fi)  (&). 

(1)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — ^maximum  landing. 

C.  G.  position — most  forward. 

Wing  flaps — maximum  landing  position. 

Landing  gear — extended. 

Engines — ^power  off. 

(2)  Test  procedure  and  required  data.  The 
airplane  should  be  trimmed  at  a  speed  of  1.4 
V$i  and  it  should  be  possible  to  control  the  air¬ 
plane  with  one  hand  for  a  reasonable  time  with¬ 
out  the  necessity  of  changing  the  trim  control 
when: 

(i)  The  speed  is  reduced  to  1.1 

(ii)  The  speed  is  increased  to  1.7  Va,  or 

to  the  placard  flap  spe-.d. 


In  addition  to  the  data  specified  in  (b)  (2)  of 
this  section,  the  recorded  data  should  also  in¬ 
clude  the  airspeeds  at  1.1  F«,  and  1.7  F«,  (or 
V„  whichever  is  the  lesser). 

(h)  Longitudinal  control,  flap  retraction  and 
power  application,  section  (c). 

(1)  Configuration.  This  test  should  be  con¬ 
ducted  in  the  configuration  that  follows; 

Weight — maximum  landing. 

C.  G.  position — most  forward  and  most 
aft. 

Wing  flaps — maximum  landing  position. 

Landing  gear — extended. 

Engines — power  noted. 

(2)  Test  procedure  and  required  data.  The 
airplane  should  be  maintained  in  a  steady  hori¬ 
zontal  flight  at  a  speed  of  1.1  V»,;  the  flaps 
should  be  retracted  from  the  maximum  landing 
position  with  simultaneous  application  of  not 
more  than  maximum  continuous  power.  During 
this  maneuver,  it  should  be  possible  to  prevent 
a  loss  of  altitude  without  the  use  of  exceptional 
piloting  skill.  The  following  data  should  be 
recorded: 

Weight. 

C.  G.  position. 

Wing  flap  position. 

Landing  gear  position. 

Engines,  r.  p.  m.  and  manifold  pressure 
before  and  after  tests. 

Pressure  altitude. 

Ambient  air  temperature. 

Airspeed  at  1.1  Vs,. 

(19  F.  R.  4454,  July  20,  1954,  effective  Sept.  1,  1954; 
amended  24  F.  R.  7067,  &pt.  1,  1959,  effective  Oct.  1, 
1959.) 

4b.  132  Directional  and  lateral  control. 
(a)  Directional  control;  general.  It  shall 
be  possiUe,  while  holding  the  wings  approxi¬ 
mately  level,  to  execute  reasonably  sadden 
changes  in  heading  in  dither  direction  without 
encountoring  dangerous  characteristics.  Head¬ 
ing  changes  up  to  15°  shall  be  demonstrated, 
except  that  the  heading  change  at  which  the 
ruddm’  pedal  force  is  180  pounds  need  not  be 
exceeded.  The  control  shall  be  demonstrated 
at  a  speed  equal  to  1.4  Vs„  under  the  following 
conditions: 

(1)  The  critical  engine  inoperative  and  its 
propeUer  in  the  minimum  drag  position. 
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(3)  Power  reqoired  for  level  flight  et  1.4 
Fti.  hot  oot  greater  than  MarimBiii  contiBiioiia 

power, 

(S)  Moat  anfavorable  center  of  gravity 
poaitloau 

(4)  Landing  gear  retracted, 

(5)  Wing  flaps  in  the  anvoach  podflon, 

(6)  Maximnni  landing  weight 

(b)  JHreetional  control;  four  or  tnorc 
en§ine».  Airplanes  with  four  or  more  engines 
shall  comply  irith  paragraph  (a)  of  this  section, 
eze^t  that: 

(1)  The  two  critical  engines  shall  be  in< 
iq^erative,  flieir  pri^iellers  in  the  minimum  drag 
p^tkm, 

(2)  The  center  of  gravity  shall  be  in  the 
most  forward  position, 

(S)  The  wing  flaps  shall  be  in  the  most 
favoraUe  dimb  position. 

(c)  Lateral  control;  general.  It  shall  be 
possible  to  execute  20°  banked  turns  with  and 
against  the  inoperative  engine  from  steady 
flight  at  a  speed  equal  to  1.4  F<,  with: 

(1)  The  critical  engine  inoperative  and  its 
propdler  in  the  minimum  drag  position, 

(2)  Blaximnm  continuous  powm  on  the 
operating  engines, 

(3)  Most  unfavorable  centm*  of  gravity 
position. 

(4)  landing  gear  retracted  and  extended, 

(5)  Wing  flaps  in  the  most  favorable  dimb 
position, 

(6)  Maximum  takeoff  weight 

(d)  Lateral  control;  four  or  more  en- 
ginee.  It  shaU  be  possible  to  execute  20° 
banked  turns  with  and  against  the  inoperative 
engines  from  steady  fli^t  at  a  speed  equal  to 
1.4  F«i  with  maximum  continuous  power  and 
with  the  air^huie  in  the  conflguration  prescribed 
by  paragraph  (b)  of  this  section. 

(e)  Lateral  control;  all  enginea  operat¬ 

ing.  RoO  response  shall  be  rapid  and  of  snffl* 
doit  magnitude  to  perform  normal  maneuvers, 
sneh  as  recovery  from  upsets  produced  by  gusts 
and  the  initiation  of  evasive  maneuvers.  In 
sidesl^  np  to  sideslip  angles  which  might  be 
required  in  normal  operation,  snffldent  excess 
lateral  control  shall  remain  to  perform  a  limited 
amount  manenvming  and  to  correct  for  gusts. 
Lateral  control  shall  be  snffldent  at  aU  speeds 
np  to  fo  prodde  a  peak  roll  rate 


necessary  for  safety  without  requL  Ir  ,  excessive 
control  forces  or  excessive  control  tisvel. 

[(Ameadmeat  4b-12,  rubliaked  27  F.  R.  2986. 
Mar.  S,  I9S2,  effectire  May  3,  1SC2.)] 

4b.l32-l  Procedure  for  demonstrating  diree- 
iional  and  lateral  control  {FAA  policies  which 
apply  to  see.  Ib.lSi). 

(a)  Appropriate  instrumentation.  When  con¬ 
ducting  directional  and  laterd  control  tests, 
the  urplane  should  contain  appropriate  instiu- 
mentation  in  order  to  obtain  the  following  data; 

(1)  Sections  ib.tSi  (a)  and  4b.lSSt  (6). 
Instrumentation  to  indicate  airplane  heading 
ang^e  and  rudder  force. 

(2)  Sections  4b.iSi  (c)  and  4b.lS2  (d). 
Instrumentation  to  measure  bank  angle. 

(b)  Qeneral  test  program. 

(1)  Directional  control;  general,  section 
4b.lS2  (a). 

(i)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximum  landing. 

C.  G.  position — most  aft. 

Wing  flaps — approach  position. 

Landing  gear — ^retracted. 

Cowl  flaps — appropriate  for  flight  con¬ 
dition. 

Operating  engine(s) — ^power  to  main¬ 
tain  levd  flight  at  1.4  Vtt  butnotmore 
than  maximum  continuous  power. 

Critical  inoperative  engine— propeller 
feathered  on  engine  most  critical  for 
controllability. 

(ii)  Test  procedure  and  repaired  data. 
The  airplane  should  be  trimmed  as  indicated 
above  at  any  optional  altitude  (see  sec.  4b.l00-3 

(c)).  Reasonable  sudden  changes  in  heading 
to  the  left  and  right,  using  ailerons  to  maintain 
approximate  level  flight,  should  be  made  dem¬ 
onstrating  a  change  of  15°,  or  the  angle  at 
which  a  dangerous  condition  is  encountered, 
or  at  which  180  lbs.  rudder  force  is  required. 
The  airplane  should  be  satisfactorily  con¬ 
trollable  during  this  maneuver.  The  following 
data  should  be  recorded: 

Weight. 

C.  G.  position. 

Wing  flap  position. 

Landing  gear  position. 

Operating  engine(s),  r.  p.  m.  and  mani¬ 
fold  pressure. 
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Position  of  critical  inoperative  engine 
and  its  propeller. 

Pressure  altitude. 

Ambient  air  temperature. 

Trim  speed  at  1.4  F«,. 

Kudder  force  at  maximum  deflection. 

(2)  Directional  control;  Jour  or  more  engines, 
section  4^.1  S2  (6). 

(i)  Configuration.  This  test  should  be 
conducted  in  the  configuration  that  follows; 

Weight — maximum  landing. 

C.  G.  position — most  forward. 

Wing  flaps — climb  position. 

Landing  gear — retracted. 

Operating  engines— power  required  for 
level  flight  at  1.4  V«,  but  not  more 
than  maximum  continuous  power. 

Critical  inoperative  en^es — propel¬ 
lers  feathered  on  outboard  engine 
most  critical  for  controllability  and 
on  adjacent  engine. 

(ii)  Test  procedure  and  required  data. 
The  test  procedure  shown  in  subparagraph  (1) 
(ii)  of  this  paragraph  should  be  repeated  with 
two  critical  engines  inoperative.  In  addition 
to  the  data  specified  in  subparagraph  (l)(ii) 
of  this  paragraph,  the  position  of  the  critical 
inoperative  engines  and  the  propeller  configura¬ 
tion  should  also  be  recorded. 

(3)  Lateral  control;  general,  section  Ib.lSi  (c). 

(i)  ConAguration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Wright — maximum  takeoff. 

C.  G.  position — most  aft. 

Wing  flaps — climb  position. 

Landing  gear — ^retracted  and  extended. 

Operating  engme(s) — maximum  con¬ 
tinuous  power. 

Critical  inoperative  engine — throttle 
closed  on  engine  most  critical  for 
controllability,  propeller  feathered. 

(ii)  Test  procedure  and  required  data. 
Banked  turns  of  20°  should  be  demonstrated 
with  and  against  the  inoperative  engine  from  a 
steady  climb  at  1.4  V*,.  The  following  data 
should  be  recorded: 

Weight. 

C.  G.  position. 

Wing  flap  position. 

Landing  gear  position. 


Engine(8),  r.  p.  m.  and  manifold  pres¬ 
sure. 

Position  of  critical  inoperative  engine 
and  its  propeller. 

Pressure  edtitude. 

Ambient  air  temperature. 

Trim  speed  at  1.4  V«i. 

Rudder  force  at  maximum  deflection. 

Aileron  force  at  maximum  deflection. 

(4)  Lateral  control;  Jour  or  more  engines, 
section  Ib.lSi  (d). 

(i)  Condguration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximum  landing. 

C.  G.  position — most  forward. 

Wing  flaps — climb  position. 

Landing  gear — retracted. 

Operating  engines — power  required  for 
level  flight  at  1.4  Vg,  but  not  more 
than  maximum  continuous  power. 

Critical  inoperative  engines — propel¬ 
lers  feathered  on  outboard  engine 
most  critical  for  controllability  and 
on  adjacent  engine. 

(ii)  Test  procedure  and  required  data. 
Banked  turns  of  20°  should  be  demonstrated 
with  and  against  inoperative  engines  from 
steady  flight  at  1.4  V«|.  The  same  data  as  are 
specified  in  subpari^aph  (3)(ii)  of  this  para¬ 
graph  should  be  recorded. 

(19  F.  B.  4455,  July  20, 1954,  effective  Sept.  1, 1954.) 
4b.l33  Minimum  control  speed,  Vjrc 
(a)  A  minimum  speed  shall  be  determined 
under  the  conditions  specified  in  this  paragraph, 
so  that  when  the  critical  engine  is  suddenly 
made  inoperative  at  that  speed  it  shall  be  pos¬ 
sible  to  recover  control  of  the  airplane,  with  the 
engine  still  inoperative,  and  nuuntidn  it  in 
straight  flight  at  that  speed,  either  with  zero 
yaw  or,  at  the  option  of  the  applicant,  with  an 
angle  of  bank  not  in  excess  of  5°.  Such  speed 
shall  not  exceed  1.2  K«i  with: 

(1)  Take-off  or  maximum  available  power 
on  ail  engines, 

(2)  Rearmost  center  of  gravity, 

(3)  Flaps  in  takeoff  position, 

(4)  lading  gear  retracted, 

(5)  Cowl  flaps  in  the  position  normally 
used  during  takeoff. 


47 


4b.l83-l 


AIRPLANE  airworthiness;  TRANSPORT  CATEGORIES 


CAM  4b 


(6)  Maidmam  sea  letel  takeoff  weight,  or 
aaeh  leaaer  weight  aa  may  he  necessary  to 
demonstrate  Fjfct 

(7)  The  airplane  trimmed  for  takeoff, 

(8)  The  propeller  of  the  inoperatlTe  engine 
windmilling,  except  that  a  different  position  of 
the  pr<veller  shall  be  acceptable  if  the  speclllc 
design  at  the  propeller  control  makes  it  more 
logical  to  assume  the  different  position, 

(9)  The  airplane  airborne  and  the  ground 
effect  negligible. 

(b)  In  denumstrating  the  minimom  speed  of 
paragraph  (a)  ot  this  section,  the  rndder  force 
required  to  maintain  control  «ii«ii  not  exceed 
180  pounds,  and  ft  shall  not  be  necessary  to 
throttle  the  remaining  engines. 

(c)  During  recoxery  of  the  manenrer  of 
paragraph  (a)  of  this  section  the  airplane  shaft 
not  assume  any  dangerous  attitude,  nor  shall 
ft  require  exceptional  shift,  strength,  or  alert* 
ness  on  the  part  oi  the  pilot  to  prevent. a  change 
(ff  heading  in  excess  of  20**  before  recovery  is 
complete. 

Noras  Interpretation  No.  1  (17  P.  R.  2112,  Mnr.  12, 
ltS2),  ndopted  by  tho  Ctril  Aeronantiee  Boar^  Mar.  7, 
Itfj;  proTtdea  aa  followa: 

(1)  The  Board  Interpreta  and  eonatraea  anbpara* 
graph  (8)  of  section  4b.lSS  (a)  aa  regnlrlng  the  Ad* 
Bilnistrator  to  accept  for  the  pnrpoeea  of  aection  4b.lSS 
s  vsine  for  the  one*engIne*inoperatlTe  mininam  control 
■peed  which  has  been  eatabhataed  In  accordance  with 
the  provMons  of  that  aection  with  the  propeller  of  the 
Inoperative  engine  feathered:  ProvUUd,  That  the  alr- 
plano  involved  la  egnipped  with  an  sntomatlc  feathering 
device  acceptable  to  the  Administrator  under  section 
4b.l8  for  demonstrating  com^ance  with  the  taheoff 
path  and  dlmb  regnlrement  of  aectlona  4b.ll6  and 
4b.l20  (a)  and  (b). 

4b.l38^1  Determination  of  the  minimum  con¬ 
trol  epeedf  Vuc  ^FAA  policiee  vAieh  apply  to 
eee.  JfiASS). 

(a)  When  demonstrating  the  minimniti  con¬ 
trol  speed,  the  applicant  may  choose  one  of 
three  basic  methods  dependent  on  the  inherent 
characteristics  of  the  airplane  or  a  combination 
of  the  methods  is  acceptable  provided  that  the 
combination  chosen  does  not  allow  the  aircraft 
to  exceed  any  of  the  limiting  factors  specified 
in  section  4b.l33.  These  methods  are; 

(1)  With  wings  level  and  180  lbs,  rudder 
force,  or  full  rudder  travel  causing  airplane  to 
deviate  from  a  constant  heading,  or  airplane 
stall. 


(2)  With  the  wing  on  the  engine  operating 
side  lowered  5®  and  180  lbs.  rudder  force,  or  full 
rudder  travel  causing  airplane  to  deviate  from 
a  constant  heading,  or  airplane  stall. 

(3)  At  0®  yaw  and  full  rudder  travel  caus¬ 
ing  airplane  to  deviate  from  zero  d^^e  yaw, 
or  180  lbs.  rudder  force,  or  airplane  stall. 

(b)  When  it  has  been  found  that  the  aircraft 
is  limited  by  the  180  lbs.  rudder  force  in  any  of 
the  methods  in  paragraph  (a)  of  this  section,  a 
plot  of  force  vs.  airspeed  should  be  made 
throu^  a  suitable  range  of  speeds  to  substanti¬ 
ate  the  speed  chosen  as  Vuc 

(c)  Generally  speaking,  in  aircraft  equipped 
with  right-hand  rotation  propellers,  the  left- 
hand  outboard  engine  is  the  most  critical  when 
inoperative  from  the  standpoint  of  control. 
This  condition  should  be  substantiated,  how¬ 
ever,  by  a  comparative  test  with  both  the  right 
and  then  the  left  outboard  engines  inoperative, 
measuring  the  force  necessary  to  hold  the  air¬ 
plane  within  the  limits  as  specified  in  section 
4b.  133  at  or  slightly  above  the  minimnni  con¬ 
trol  speed.  When  conducting  this  test  it  is  im¬ 
perative  to  hold  all  remaining  factors  equal  so 
that  a  true  comparison  may  be  accomplished. 

(d)  All  testing  should  be  accomplished  at  the 
appropriate  weights  and  powers  for  the  range 
of  approval  desired.  The  mininruim  control 
speed  should  be  determined  for  each  takeoff 
flap  position  selected  for  approval  if  the  takeoff 
flap  is  made  variable  with  altitude. 

(e)  Civil  Air  Regulation  Part  4b,  Interpreta¬ 
tion  No.  1,  interprets  section  4b.  133  (a)  (8)  as 
requiring  the  establishment  of  one  engine  in¬ 
operative  minimum  control  speed  with  the 
propeller  of  the  inoperative  engine  feathered 
providing  that  the  airplane  is  equipped  with  an 
automatic  feathering  device  acceptable  to  the 
Administrator  under  section  4b.  10  for  demon¬ 
stration  of  compliance  with  the  takeoff  path 
and  climb  requirements  of  sections  4b.  116  and 
4b.l20  (a)  and  (b).  In  such  cases  where  the 
applicant  chooses  to  demonstrate  Vmc  with  the 
propeller  feathered,  the  value  of  Vuc  with  the 
propeller  windmilling  should  also  be  obtained 
and  included  in  the  Airplane  Flight  Manual. 

(f)  Configuration.  This  test  should  be  con¬ 
ducted  in  the  configuration  that  follows: 

Weight — maximum  takeoff.  (If  stall  oc¬ 
curs  prior  to  reaching  Vuc,  applicant  may 
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choose  to  demonstrate  a  lower  Vue  &t  a 
reduced  weight.) 

C.  G. — most  aft. 

Wing  flaps — takeoff  position. 

Landing  gear — retracted. 

Operating  engine  (s) — takeoff  r.  p.  m.  and 
manifold  pressure  or  full  throttle,  cowl 
flaps  in  takeoff  position. 

Inoperative  engine — throttle  closed,  pro- 
peUer  windmilling  or  any  other  logical 
position,  cowl  flaps  in  takeoff  position. 

(g)  Test  proeedvre  and  required  data.  After 
establishing  the  critical  inoperative  engine  and 
the  choice  of  method  for  demonstration,  the 
tests  for  establishing  the  minimum  control  speed 
may  be  conducted.  Using  the  configuration 
specified  in  section  4b.  133,  all  engines  should  be 
adjusted  for  takeoff  power  and  a  series  of  engine 
cuts  made  by  moving  the  mixture  control  of 
the  critical  engine  in  idle  cut-off  position  at 
consecutively  lower  airspeeds  until  one  of  the 
limiting  factors  specified  iu  section  4b.  133  is  ex¬ 
perienced.  When  the  minimum  control  speed 
is  determined,  a  minimum  of  five  demonstra¬ 
tions  should  be  made  to  provide  adequate  proof 
that  the  chosen  value  meets  the  requirement. 
The  following  data  should  be  recorded: 

Pressure  altitude. 

Ambient  air  temperature. 

Indicated  air  speed. 

Engines,  r.  p.  m.  and  manifold  pressure. 

Torque  pressure. 

Carburetor  air  temperature. 

Rudder  force. 

Bank  angle. 

Gyro  direction  indicator. 

Yaw — ^if  method  is  chosen  where  loss  of 
airplane’s  ability  to  maintain  0*’  yaw  is 
limiting  factor  specified  in  (a)  (3)  of  this 
section. 

(19  F.  R.  4456,  July  20,  1954,  eflfective  Sept.  1,  1954.) 

Trim 

4b.  140  General.  The  means  used  for 
trimming  the  airplane  shall  be  such  that  after 
being  trimmed  and  without  farther  pressure 
upon,  or  movement  of,  either  the  primary  con¬ 
trol  or  its  corresponding  trim  control  by  the 
^lot  OT  the  automatic  pilot,  the  airplane  shall 
conqily  with  the  trim  requirements  of  sections 
4b.l41  through  4b.l44. 


4b.  140-1  Oeneral  trim  qualities  {FAA  policies 
which  apply  to  sec.  4b. 140).  It  should  be 
possible  to  trim  the  airplane  completely  for  ary 
flight  condition  which  is  reasonable  to  assume 
will  be  maintained  steadily  for  any  appreciable 
time.  Compliance  for  unsymmetrical  power 
should  be  demonstrated  with  “wings  level”  or 
“zero  yaw”  when  a  yawmeter  is  instaUed  as  a 
part  of  the  required  equipment. 

4b.l41  Lateral  and  directional  trim. 
The  airplane  shall  maintain  lateral  and  direc¬ 
tional  trim  under  the  most  adverse  lateral 
displacement  of  the  center  of  gravity  within  the 
relevant  operating  limitations,  under  ail  nor¬ 
mally  expected  conditions  of  operation,  includ¬ 
ing  operation  at  any  speed  from  1.4  Ks,  to 
\y uoiMuo\- 

[(Amendment  4b-12,  published  27  F.R.  2986 
Mar.  30,  1962.  effective  May  3,  1962.)J 

4b. 141-1.  Procedure  for  demonstraiing  lateral 
and  directional  trim  {FAA  policies  which  apply 
to  sec.  4b.l41)- 

(a)  Configuration.  This  test  should  be  con¬ 
ducted  in  the  configuration  that  follows: 

Weight — maximum  takeoff  and  maximum 
landing. 

C.  G.  position — most  forward  and  most  aft 
with  greatest  lateral  variation  in  useful 
load.  Asymmetrical  fuel  loading  should 
be  considered. 

Wing  flaps — ^retracted  and  maximum  land¬ 
ing  position. 

Landing  gear — retracted  and  extended. 

Engines — power  required  for  level  flight. 

Cowl  flaps — appropriate  for  flight  condi¬ 
tion. 

(b)  Test  procedure  and  required  data.  It 
should  be  possible  to  maintain  hands-off 
lateral  and  directional  trim  when  demonstrat¬ 
ing  compliance  with  section  4b.  141.  The 
following  data  should  be  recorded: 

Weight. 

C.  G.  position. 

Wing  flap  position. 

Landing  gear  position. 

Engines,  r.  p.  m.  and  manifold  pressure. 

Pressure  altitude. 

Ambient  air  temperature. 

Trim  speed  at  1.4  Fg,. 

(Additional  lateral  and  directional  trim 
should  be  demonstrated  in  other  con- 
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figurations  in  conjunction  writh  tests  in 

sec.  4b.l50.) 

(Ameaded  22  F.  R.  6963,  Aug.  29,  1957,  effective 
Sept.  15,  1957.) 

4b.l42  Longitudinal  trim.  The  air* 
ghuie  shall  maintain  longitadinal  trim  under 
the  fMlowing  conditions: 

(a)  During  a  climb  with  maximum  continu¬ 
ous  powm  at  a  speed  not  in  excess  of  1.4  V»t 
with  the  landing  gear  retracted  and  the  wing 
flaps  both  retracted  and  in  the  takeoff  position, 

(b)  During  a  glide  with  power  off  at  a  speed 
not  fai  excess  of  1.4  Vti  with  the  landing  gear 
extended  and  the  wing  flaps  both  retracted  and 
extended,  with  the  forward  center  of  gravity 
position  approved  for  landing  with  the  maximum 
landing  wright,  and  with  the  most  forward 
cent«r  at  gravity  poritkm  approved  for  landing 
regardless  of  weight, 

(c)  During  level  flight  at  any  speed  from 
1.4  F<i  to  CF]fo/dfjro]>  with  the  landing  gear 
and  wing  flaps  retracted,  and  from  1.4  Vs,,  to 
VzM  with  the  landing  gear  extended. 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Msr.  SO,  1962.  effeeUve  Map  3. 1962.)] 

4b.l42-l  Proeedun  Jar  demonstrating  longi¬ 
tudinal  trim  (FAA  policies  which  apply  to  sec. 
4b.i4X). 

(a)  Longitudinal  trim  during  climb,  section 

4b.l4t  (a). 

(1)  Conjiguration.  This  test  should  be 
conducted  in  the  configuration  that  follows: 

Weight — maximum  takeoff. 

C.  G.  position — ^most  forward. 

Wing  flaps — retracted  and  takeoff  posi¬ 
tion. 

Landing  gear — ^retracted. 

Engines — maximum  continuous  power. 

Cowl  flaps — optional. 

(2)  Test  procedure  and  required  data.  It 
should  be  possible  to  maintain  hands-off 
longitudinal  trim  at  a  speed  not  in  excess  of  1.4 
Vs,  with  the  wing  flaps  retracted  and  in  the 
takeoff  position.  The  same  data  specified  in 
section  4b. 141-1  (b)  should  be  recorded. 

(b)  Longitudinal  trim  during  glide,  section 

4h.m  (J>). 

(1)  Conjiguration.  This  test  should  be 
conducted  in  the  configurations  that  follow: 

Weight — maximum  landing. 


C.  G.  position — most  forward  for  maxi¬ 
mum  landing  weight. 

Wing  flaps — retracted  and  maximum 
landing  position. 

Landing  gear — extended. 

Engines — power  off,  propellers  wind¬ 
milling. 

(2)  Test  procedure  and  required  data.  It 
should  be  possible  to  maintain  hands-off 
longitudinal  trim  at  a  speed  not  in  excess  of  1.4 
Vs,  with  the  wing  flaps  retracted  and  extended. 
This  test  should  be  repeated  with  the  most 
forward  c.  g.  position  for  landing  regardless  of 
weight.  The  same  data  specified  in  section 
4b.l41-l  (b)  should  be  recorded. 

(c)  Longitudinal  trim  during  level  flight, 
section  (c). 

(1)  Configuration.  This  test  should  be 
conducted  in  the  con%uration  that  follows; 

Weight — ^maximum  takeoff. 

C.  G.  position — most  forward  and  most 
aft. 

Wing  flaps — retracted. 

Landing  gear — retracted  and  extended. 

Engines — power  required  for  level  flight. 

Cowl  flaps — appropriate  for  flight  con¬ 
dition. 

(2)  Test  procedure  and  required  data.  It 
should  be  possible  to  maintain  hands-off  longi¬ 
tudinal  trim  when  demonstrating  compliance 
with  secdon  4b.  142  (c). 

(19  F.  R.  4456,  July  20,  1954,  effective  Sept.  1,  1954; 
amended  22  F.  R.  6963,  Aug.  29, 1957,  effective  Sept.  15, 
1957.) 

4b.  143  Longitudinal,  directional,  and 
lateral  trim. 

(«)  The  airplane  shall  maintain  longitadinal, 
directional,  and  lateral  trim  at  a  speed  equal  to 
1.4  Ksi  daring  climbing  flight  with  the  ^tical 
engine  inoperative,  with: 

(1)  The  remaining  engine(s)  operating  at 
nuudmam  continnons  power, 

(2)  Landing  gear  retracted, 

(3)  Wing  flaps  retracted. 

(b)  In  demonstrating  compliance  with  the 
lateral  trim  reqnirement  of  paragraph  (a)  of  this 
section,  the  angle  of  bank  of  the  i^lane  shall 
not  be  in  excess  of  5  degrees. 

4b. 143-1  Procedure  Jar  demonstrating  longi¬ 
tudinal,  directional,  and  lateral  trim  {FAA 
policies  which  apply  to  sec.  Ih.llS). 


50 


CAM  4b 


AIRPLANE  airworthiness;  TRANSPORT  CATEGORIES 


4b.l51 


(a)  ConfigunUion.  This  test  should  be  con¬ 
ducted  in  the  configuration  that  follows: 

Weight — maximum  takeoff. 

C.  G.  position — most  forward. 

Wing  flaps- — retracted. 

Landing  gear — retracted. 

Cowl  flaps — appropriate  for  flight  condition. 

Operating  engine  (s) — maximum  continuous 
power. 

Critical  inoperative  engine — throttle  closed 
on  engine  most  critical  for  trim,  propeller 
feathered. 

(b)  Test  procedure  and  required  data.  It 
should  be  possible  to  maintain  hands-off  longi¬ 
tudinal,  directional,  and  lateral  trim  during 
climb  at  a  speed  of  1.4  Vs,.  In  addition  to  the 
data  specified  in  section  4b. 141-1  (b),  the  posi¬ 
tion  of  the  critical  inoperative  engine  and  its 
corresponding  propeller  should  be  recorded. 

(19  F.  R.  4457,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.l44  Trim  tor  airplanes  with  tour  or 
more  engines.  The  airplane  shall  maintain 
trim  in  rectilinear  flight  at  the  climb  speed,  con¬ 
figuration,  and  power  used  in  establishing  the 
rates  of  climb  in  section  4b.l21,  with  the  most 
nnfavorabte  center  of  gravity  position,  and  at 
the  weight  at  which  the  two-engine-inoperative 
climb  is  equal  to  at  least  0.01  at  an  altitude 
o(  5,000  feet 

4b.  144-1  Procedure  jor  dernonstraiing  trim 
for  airplanes  with  four  or  more  engines  (FAA 
policies  which  apply  to  sec.  4b.l44)- 

(a)  ConfiguroHon.  This  test  should  be  con¬ 
ducted  in  the  configuration  that  follows: 

Weight — at  which  climb  is  equal  to  at  least 
.01  Vs,^  at  an  altitude  of  5,000  feet. 

C.  G.  position — most  forward. 

Wing  flaps — optional. 

Landing  gear — ^retracted. 

Cowl  flaps — appropriate  for  flight  condition. 

Operating  engines — maximum  continuous 
power. 

Inoperative  engines — throttles  closed  on 
outboard  engine  most  critical  for  trim 
and  on  adjacent  engine,  propellers 
feathered. 

(b)  Test  procedure  and  required  data.  It 
should  be  possible  to  maintain  hands-off  longi¬ 
tudinal,  lateral,  and  directional  trim  at  the  same 


airspeed  used  in  demonstrating  the  iwo-engine- 
inoperative  climb  (see  sec.  4b.  121).  The  fol¬ 
lowing  data  should  be  recorded  ; 

Weight. 

C.  G.  position. 

Wing  flap  position. 

Landing  gear  position. 

Operating  engines,  r.  p.  m.,  manifold  pres¬ 
sure  and  cowl  flap  position. 

Position  of  critical  inoperative  engines  and 
their  propellers. 

Pressure  altitude. 

Ambient  air  temperature. 

Climb  speed. 

(16  F.  R.  4457,  July  20,  1954,  effective  Sept.  1,  1954.) 

Stability 

[4b.  150  General.  The  airplane  shall  be 
longitudinally,  directionally,  and  laterally  stable 
in  accordance  with  sections  4b.l51  through 
4b.l58.  Suitable  stability  shall  be  required  in 
other  conditions  normally  encountered  in  ser¬ 
vice  if  flight  tests  show  such  stability  to  be 
necessary  for  safe  operation.] 

[(Amendment  4b-12,  pnblished  27  P.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 

[4b.l51  Static  longitudinal  stal  ly.  In 
the  conditions  outlined  in  §§  4b.  152  through 
4b.  155,  the  characteristics  of  the  elevator  con¬ 
trol  forces  including  friction  and  the  elevator 
control  surface  displacement  shall  comply  with 
paragraphs  (a)  through  (c)  of  this  section. 

[(a)  A  pull  shall  be  required  to  obtain  and 
maintain  speeds  below  the  specified  trim  speed, 
and  a  push  shall  be  required  to  obtain  and  main¬ 
tain  speeds  above  the  specified  trim  speed, 
except  that  if  the  elevator  control  forces  are  not 
dependent  upon  the  hinge  moments  of  the  ele¬ 
vator  control  surface  it  shall  also  be  shown  that 
upward  displacement  of  the  elevator  trailing 
edge  is  required  to  obtain  and  maintain  speeds 
below  the  specified  trim  speed  and  a  downward 
displacement  of  the  elevator  trailing  edge  is 
required  to  obtain  and  maintain  speeds  above 
the  specified  trim  speed.  These  criteria  shall 
apply  to  any  speed  which  can  be  obtained,  ex¬ 
cept  that  such  speeds  need  not  be  greater  than 
the  landing  gear  or  the  wing  flap  operating 
limit  speed  or  V^cIMrct  whichever  is  appro- 
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prute,  or  need  not  be  less  than  the  minimum 
speed  in  steady  unstalled  flight.J 

(b)  The  airspeed  shall  return  to  within  10 
percent  of  the  original  trim  speed  when  the 
control  force  is  slowly  released  from  any  speed 
within  the  limits  defined  in  paragraph  (a)  of 
this  section. 

[(c)  The  stable  slope  of  the  stick  force 
versus  speed  curve  shall  not  be  less  than  0.5 
pounds  per  3  knots  nor  shall  it  exceed  a  value 
beyond  which  control  of  the  airplane  is  dilB* 
cu]t.J 

[(Amendment  4b-12,  published  27  F.R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 

4b.l52  stability  during  landing.  The 
stick  force  curve  and,  if  required  by  section 
4b.l51(a),  the  elevator  angle  curve  shall  have 
stable  slopes  and  the  stick  force  shall  not  exceed 
80  pounds  at  any  speed  between  1.1  F^o.  and 
1.8  Fso-  with; 

[(a)  Wing  flaps  in  the  landing  position; 

[(b)  The  landing  gear  extended; 

[(c)  Maximum  landing  weight; 

[(d)  Power,  or  thrust,  off  on  all  engines;  and 
[(e)  The  airplane  trimmed  at  1.4  Vso.  with 
power  or  thrust  off.] 

[(Amendment  4b-12p  published  27  F.R.  2986, 
Mar.  30,  1962,  effective  Maj"  3,  1962.)] 

[4b.l53  Stability  during  approach.  The 
stick  force  curve  and,  if  required  by  section 
4b.l51(a),  the  elevator  angle  curve  shall  have 
stable  slopes  at  all  speeds  between  1.1  Fn.  and 
1.8  Fsi.  with: 

[(a)  Wing  flaps  in  the  approach  position; 
[(b)  Landing  gear  retracted; 

[(c)  Maximum  landing  weight;  and 
[(d)  The  airplane  trimmed  at  1.4  Fs,.  and 
with  power  suflBcient  to  maintain  level  flight  at 
this  speed.] 

[(Amendment  4b-12,  published  27  F.R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 

[4b.l54  stability  during  climb.  The 
stick  force  curve  and,  if  required  by  section 
4b.l51(a),  the  elevator  angle  curve  shall  have 
stable  slopes  at  all  speeds  between  85  and  115 
percent  of  the  speed  at  which  the  airplane  is 
trimmed  with: 

[(a)  Wing  flaps  retracted ; 

[(b)  Landing  gear  retracted; 
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[(c)  Maximum  takeoff  weight; 

[(d)  75  percent  of  maximum  continuous 
power  for  reciprocating  engines;  maximum 
power  or  thrust  selected  by  the  applicant  as  an 
operating  limitation  for  use  during  climb  (see 
sec.  4b.718)  for  turbine  engines;  and 
[(e)  The  airplane  trimmed  at  the  best  rate- 
of'Climb  speed  except  that  the  speed  need  not 
be  less  than  1.4  Fsi.] 

[(Amendment  4b-12,  published  27  F.R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 

[4b.l55  Stability  during  cruising. 

[(a)  Landing  gear  retracted;  high  speed. 
The  stick  fo.ce  curve  and,  if  required  by  section 
4b.l51(a),  the  elevator  angle  curve  shall  have 
stable  slopes  at  all  speeds  from  VrcIMrc  to 

the  speed  equal  to 

or  to  50  knots  less  than  the  trim  speed  specified 
in  subparagraph  (4)  of  this  paragraph  which¬ 
ever  is  the  lesser  speed  except  that  it  need 
not  be  less  than  1.4  Fs„  and  the  stick  force 
shall  not  exceed  50  pounds  with: 

[(1)  Wing  flaps  retracted; 

[(2)  The  most  critical  weight  between 
maximum  landing  weight  and  maximum  take¬ 
off  weight; 

[(3)  75  percent  of  maximum  continuous 
power  for  reciprocating  engines;  maximum 
cruising  power  selected  by  the  applicant  as  an 
operating  limitation  (see  sec.  4b.718)  for  turbine 
engines,  except  that  the  power  need  not  exceed 
that  required  at  Vuo/Muoi  and 

[(4)  The  airplane  trimmed  for  level  flight 
with  the  power  required  in  subparagraph  (3)  of 
this  paragraph. 

[(b)  Landing  gear  retracted;  low  speed. 
The  stick  force  curve  and,  if  required  by  section 
4b.l51(a),  the  elevator  angle  curve  shall  have 
stable  slopes  at  all  speeds  from  a  speed  equal  to 

to  1.4  F.,  and  the  stick  force  shall  not  exceed 
50  pounds  with  the  wing  flaps  and  weight  as 
specified  in  paragraph  (a)  of  this  section  and 
with: 

[(1)  Power  required  for  level  flight  at  a 
speed  equal  to  ^  *nd 
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[(2)  The  airplane  trimmed  for  level  flight 
with  the  power  required  in  subparagraph  (1)  of 
this  paragraph. 

Note:  At  altitudes  where  Mach  number  is  critical, 
the  calibrated  airspeed  corresponding  with  Mpc  tnay 
be  used  to  calculate  the  speed 

[(c)  Landing  gear  extended.  The  stick 
force  curve  and,  if  required  by  section  4b.  151  (a), 
the  elevator  angle  curve  shall  have  stable  slopes 
at  all  speeds  between  1.4  Fsi  and  and  the 
stick  force  shall  not  exceed  50  pounds  with  the 
wing  flaps  and  the  weight  as  specified  in  para¬ 
graph  (a)  of  this  section  and  with: 

[(1)  Power  required  for  level  flight  at  Vu; 
and 

[(2)  The  airplane  trimmed  for  level  flight 
with  the  power  required  in  subparagraph  (1)  of 
this  paragraph.3 

[(Amendment  4b-12,  published  27  F.  R.  2986: 
Mar.  30,  1962.  efTecttve  May  3,  1962.)] 

4b.  156  Dynamic  longitudinal  stability. 
Any  short  period  oscillation  occurring  between 
stalling  speed  and  maximum  permissible  speed 
appropriate  to  the  configuration  of  the  airplane 
[e.g.,  VrBt  Vlb,  or  VrctMpc)  ]  shall  be  heavily 
damped  with  the  primary  controls  free  and  in 
a  fixed  position. 

[(Amendment  4b-12,  published  27  F.  K.  2986,  Mar.  30, 
1962,  efTective  May  3,  1962.)] 

4b.  156-1  Procedure  jor  demonstrating  dy¬ 
namic  longitudinal  stability  {FAA  policies  which 
apply  to  sec.  lb. 156).  Damping  of  accelera¬ 
tions  and  movement  of  the  control  should  be 
noted  when: 

(a)  The  control  column  is  quickly  offset  and 
immediately  released  and 

(b)  The  control  column  is  quickly  offset  and 
immediately  returned  to  the  trim  position  and 
held  in  this  position. 

(19  F.  R.  4458,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.  157  Static  directional  and  lateral 
stability. 

(a)  The  static  directional  stability,  as  shown 
by  the  tendency  to  recover  from  a  skid  with 
rudder  free,  shall  be  positive  with  all  landing 
gear  and  flap  positions  and  symmetrical  power 
conditions,  at  all  speeds  from  1.2  Vsi  up  to 
[Tf*»  Vlb,  or  VrdMfc,  whichever  is  appro¬ 
priate  to  (he  airplane  configuration]. 


(b)  The  static  lateral  stability,  as  shown  by 
the  tendency  to  raise  the  low  wing  in  a  sideslip 
with  the  aileron  controls  free  and  with  all  land¬ 
ing  gear  and  flap  positions  and  symmetrical 
power  conditions,  shall: 

(1)  Be  positive  at  IVps,  V^b,  or  VbcIMfc, 
whichever  is  appropriate  to  the  airplane  con¬ 
figuration], 

(2)  Not  be  negative  at  a  speed  equal  to  1.2 

F... 

(c)  In  straight  steady  sideslips  (unacceler¬ 
ated  forward  slips)  the  aileron  and  rudder  con¬ 
trol  movements  and  forces  shall  be  substantially 
proportional  to  the  angle  of  sideslip,  and  the 
factor  of  proportionality  shall  lie  between  limits 
found  necessary  for  safe  operation  throughout 
the  range  of  sideslip  angles  appropriate  to  the 
operation  of  the  airplane.  At  greater  angles  up 
to  that  at  which  the  full  rudder  control  is  em¬ 
ployed  or  a  rudder  pedal  force  of  180  pounds  is 
obtained,  the  rudder  pedal  forces  shall  not 
reverse,  and  increased  rudder  deflection  shall 
produce  increased  angles  of  sideslip.  Sufficient 
bank  shall  accompany  sideslipping  to  indicate 
clearly  any  departure  from  steady  unyawed 
flight,  unless  a  yaw  indicator  is  pronded. 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 

4b. 157-1  Procedure  for  demonstrating  static 
directional  and  lateral  stability  {FAA  policies 
which  apply  to  sec.  4b. 1 57). 

(a)  Motion  involving  roll.  No  real  motion  of 
the  airplane  involving  roll  is  possible  without 
yaw  also  being  involved,  and  vice  versa.  In 
showing  compliance  with  section  4b.l57  the 
rolling  and  yawing  stability  should  be  investi¬ 
gated  separately. 

(b)  Directional  stability.  Directional  stabil¬ 
ity  should  be  investigated  by  starting  from 
steady  flight  in  the  required  configuration  and 
deflecting  the  rudder  at  a  fairly  rapid  rate  by 
the  amount  required  to  maintain  a  steady  skid 
with  the  airplane  yawed  approximately  20°  (as 
read  on  the  directional  gyro)  while  the  wings 
are  maintained  level  by  use  of  the  ailerons,  and 
the  speed  held  constant  by  means  of  the  elevator 
control.  When  the  steady  condition  has  been 
established,  the  rudder  should  be  released  and, 
if  the  airplane  is  directionally  stable,  it  should 
cease  to  skid;  i.e.,  the  yaw  should  decrease  to 
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approximately  zero  and,  if  also  laterally  stable 
the  aileron  deflection  and  force  required  to  hold 
the  wings  level  should  also  approach  zero.  The 
test  should  be  conducted  by  executing  skids 
both  to  the  right  and  left,  recording  in  each 
case  the  time  required  from  the  release  of  the 
rudder  controls  and  the  number  of  oscillations, 
if  any,  involved  to  recover  to  steady  level  flight. 

(c)  Lateral  stability.  Lateral  stability  should 
be  investigated  by  starting  from  steady  flight  in 
the  required  configuration  and  banking  the 
airplane  appro.ximately  20°  (as  read  on  the  gyro 
horizon)  by  means  of  the  ailerons,  while  main¬ 
taining  the  original  heading  by  means  of  the 
rudder,  and  the  original  speed  by  means  of  the 
longitudinal  trimming  device.  Wlien  the  steady 
slipping  condition  has  heen  established,  the 
aileron  control  should  be  released.  If  the  air¬ 
plane  is  laterally  stable,  it  should  cease  to  slip; 
i.  e.,  the  wing  should  return  to  an  approximately 
level  attitude,  and  the  rudder  deflection  and 
pedal  force  required  to  maintain  the  heading 
should  approach  zero.  The  test  should  be  con¬ 
ducted  by  executing  ‘’lips  from  both  to  right 
and  left,  and  in  each  case  the  time  required 
from  the  release  of  the  aileron  control  and  the 
number  of  oscillations,  if  any,  involved  to 
recover  to  steady  level  flight  should  be  recorded. 

(d)  Additional  test.  In  addition  to  the  direc¬ 
tional  and  lateral  stability  tests,  section  4b.  157(c) 
contains  provisions  which  should  be  used  to 
test  the  airplane  for  rudder  overbalance. 

(e)  Static  directional  stability  test,  section 
4b. 167  (a)  and  (c).  CAUTION-.  Prior  to  con¬ 
ducting  this  test  and  that  in  paragraph  (f)  of 
this  section,  complete  agreement  should  be 
reached  between  the  applicant  and  the  FAA 
Flight  Test  Inspector  to  insure  that  the  severity 
of  control  application  will  not  result  in  loads 
exceeding  the  design  limitations. 

(1)  Configuration.  This  test  should  be 
conducted  in  the  configurations  that  follow: 

Maximum  takeoff  weight  with  wing  flaps 
retracted. 

Maximum  landing  weight  with  wing  flaps 
extended. 

C.  G.  position — most  aft. 

Wing  flaps — retracted  and  maximum 
landing  position. 

Landing  gear — retracted  and  extended. 


(2)  Test  -procedure  and  required  data.  The 
following  tests  should  be  conducted  at  the 
altitude  deemed  most  critical  for  the  combina¬ 
tion  of  power  and  aerodynamic  damping  effect: 

(i)  The  airplane  should  be  yawed  slowly 
to  the  left  and  right  using  ailerons  to  hold  wings 
level,  and,  when  controls  are  released  slowly,  • 
the  tendency  of  airplane  to  recover  from  the 
skid  should  be  noted. 

(ii)  The  qualitative  proportionality  of 
rudder  and  aileron  deflection  and  force  during 
steady  straight  sideslips  should  be  noted. 

(iii)  Damping  of  yawing  and  movement 
of  control  should  be  noted  when  the  rudder  is 
quickly  offset  and  immediately  released  and 
when  the  rudder  is  quickly  offset  and  im¬ 
mediately  returned  and  held  in  the  trim  position. 

(f)  Static  lateral  stability  test,  section  4b. 167 (6). 

(1)  Configuration.  This  test  should  be 
conducted  in  the  configurations  that  follow: 

Maximum  takeoff  weight  with  flaps 
retracted. 

Maximum  landing  weight  with  flaps 
extended. 

C.  G.  position — most  aft. 

Wing  flaps — retracted  and  maximum 
landing  position. 

Landing  gear — ^retracted  and  extended. 

(19  F.  B.  4458,  July  20,  1954,  efifective  Sept.  1,  1954; 
amended  22  F.  R.  6963,  Aug.  29, 1957,  effective  Sept.  15, 
1957;  [27  F.  R.  2986,  Mar.  30,  1962,  effective  May  3, 
1962.3) 

4b.l58  Dynamic  directional  and  lateral 
stability.  Any  short  period  oscillation  occur¬ 
ring  between  stalling  speed  and  maximam 
permissible  speed  appropriate  to  the  configura¬ 
tion  of  the  airplane  [(e.g.,  V^b,  Vlb,  or  Vbc! 
Mrc)1  sb&ll  be  heavily  damped  with  the  primary 
controls  free  and  in  a  fixed  position. 

[(Amendment  4b-12,  published  27  F.R.  2986,  Mar. 
30,  1962,  effective  May  3,  1962.)] 

4b. 158-1  Procedure  jor  demonstrating  dy¬ 
namic  directional  and  lateral  stability  {FAA 
policies  which  apply  to  sec.  4h.l68).  Damping 
of  yawing  and  movement  of  the  control  should 
be  noted  during  the  test  procedure  in  section 
4b.  157-1  (e)  (2)  (ui). 

(19  F.  R.  4459,  July  20,  1954,  effective  Sept.  1,  1954.) 


54 


CAM  4b 


AIRPLANE  airworthiness;  TRANSPORT  CATEGORIES 


4b.  160 


Stalling  Characteristics 

4b.l60  Stalling;  tymmetrieal  power. 

(a)  Stalls  shall  be  demonstrated  with  the 
aindane  in  straight  flight  and  in  banked  turns  at 
30  degrees,  both  with  power  off  and  with  power 
on.  In  the  power-on  conditions  the  power  shall 
he  that  necessary  to  maintain  level  flight  at 
a  speed  of  1.6  F«„  where  V»x  corresponds  with 
the  stalling  speed  with  flaps  in  the  approach 
position,  the  landing  gear  retracted,  and  maxi- 
mam  landing  wdght 

(b)  The  stall  demonstration  shall  be  in  the 
fidlowing  configurations: 

(1)  Wing  flaps  and  landing  gear  in  any 
likely  comlnnation  of  positions, 

(2)  Representative  weights  within  the 
range  fm  which  certification  is  sought, 

(3)  The  center  of  gravity  in  the  most  ad- 
vm^e  position  for  recovery. 

(c)  The  stall  demonstration  shali  he  con¬ 
ducted  as  firilows: 

(1)  [With  the  airplane  trimmed  for  straight 
flight  at  the  speed  prescribed  in  section  4h.ll2  (c) 
(1)3,  the  speed  s^ll  he  reduced  by  means  of 
the  elevator  control  until  it  is  steady  at  slightly 
above  stalling  speed;  after  which  the  elevator 
control  shall  be  applied  at  a  rate  such  that  the 
airplane  speed  redaction  does  not  exceed  one 
mile  per  hour  per  second  until  the  airplane  is 
stalled  or,  if  the  airplane  Is  not  stalled,  until  the 
control  reaches  the  stop. 

(2)  The  airplane  shall  be  considered 
stalled  when,  at  an  angle  of  attack  measurably 
greater  than  that  of  maximum  lift,  the  inherent 
flight  characteristics  give  a  clear  indication  to 
the  pilot  that  the  airplane  is  stalled,  except  that 
for  airplanes  demonstrating  unmistakable  in¬ 
herent  aerodynamic  warning  associated  with 
the  stall  in  all  required  configurations,  the  speed 


need  not  be  reduced  below  a  value  which  pro¬ 
vides  an  adequate  stall  warning  margin  as 
defined  in  section  4b.  162. 

Notb:  a  nose-down  pitch  or  n  roll  which  csnnot  be 
resdilr  arrested  are  typical  indications,  that  the  airplane 
is  stalled.  Other  indications  snch  as  marked  loss  of 
control  effectiveness,  abrupt  change  in  control  force  or 
motion,  characteristic  buffeting,  or  s  distinctive  vibra¬ 
tion  of  the  pilot’s  controls,  may  be  accepted  if  found  in 
a  particniar  case  to  be  sufficiently  clear.  Types  of  in¬ 
herent  aerodynamic  warning  considered  acceptable 
incinded  characteristics  such  as  buffeting,  small  ampli¬ 
tude  pitch  or  roll  oscillations,  distinctive  shaking  of  the 
pilot’s  control,  etc. 

(3)  Recovery  from  the  stall  shall  be 
effected  by  normal  recovery  techniques,  starting 
as  soon  as  the  airplane  is  stalled. 

(d)  During  stall  demonstration  it  shall  be 
possible  to  produce  and  to  correct  roll  and  yaw 
by  unreversed  use  of  the  aileron  and  rudder 
controls  up  to  the  moment  the  airplane  is 
stalled ;  there  shall  occur  no  abnormal  nose-np 
pitching;  and  the  longitudinal  control  force  shall 
be  positive  up  to  and  including  the  stall. 

[(e)  Straight  flight  stalls  shall  be  entered 
with  wings  level.  The  roll  occurring  between 
the  stall  and  the  completion  of  the  recovery 
shall  not  exceed  approximately  20  degrees.] 

(f)  In  turning  flight  stalls  the  action  of  the 
airplane  following  the  stall  shall  not  be  so 
violent  or  extreme  as  to  make  it  difficult  with 
normal  piloting  skill  to  effect  a  prompt  recovery 
and  to  regain  control  of  the  airplane. 

(g)  In  both  the  straight  flight  and  the  turning 
flight  stall  demonstrations  it  shall  be  possible 
promptly  to  prevent  the  airplane  from  stalling 
and  to  recover  from  the  stall  condition  by  normal 
use  of  the  controls. 

[(Amendment  4b-12,  published  27  F.  R.  2986,  Mar. 
30,  1962,  effective  May  3,  1962.)] 


Discussion  of  Policies  Relating  to  Procedure  for  Demonstrating  Stall 
Tests,  Symmetrical  Power  in  Section  4b.  160-1 


Flight  tests  have  shown  that  the  point  of  maximum  lift  in  the  time-history 
data  may  be  obtained  with  sufficient  accuracy  from  an  accelerometer  mounted 
perpendicular  to  the  wing  MAC  axis  if  excessive  angles-of-attack  are  not  ob¬ 
tained.  Mounting  an  accelerometer  in  this  manner,  however,  gives  acceleration 
along  the  normal  force  vector  and  not  along  the  lift  vector.  This  results  in 
acceleration  readings  which  are  affected  by  longitudinal  acceleration.  Never¬ 


theless,  if  a  deceleration  rate  of  not  greater  than  1  m. 


P- 
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is  maintained  in  the  stall  maneuver,  the  effect  of  longitudinal  acceleration  will  be 
negligible. 

Indicated  acceleration  is  affected  by  the  angle  which  the  vertical  axis  of  the 
accelerometer  makes  with  a  perpendicular  to  the  earth’s  surface.  Thus,  for 
very  high  stall  angles  an  accelerometer  mounted  perpendicular  to  the  MAC  will 
indicate  a  decrease  in  load  factor  merely  due  to  rotation  of  the  instrument. 

Since  it  is  theoretically  desirable  to  obtain  acceleration  along  the  lift  vector 
(perpendicular  to  the  flight  path),  and  since  tests  have  shown  that  the  flight 
path  during  the  stall  maneuver  is  approximately  level  regardless  of  conflguration 
down  to  the  stall,  it  seems  obvious  that  mounting  the  accelerometer  so  that  its 
vertical  axis  is  offset  from  a  line  perpendicular  to  the  wing  MAC  by  an  angle 
equal  to  the  angle-of-attack  for  Cl  max.  will  reduce  error  due  to  improper  orien¬ 
tation  of  the  accelerometer  axis.  At  angle-of-attack  for  Cl  max.,  L=)7W  if 
angle-of-attack  for  Cl  max.  was  properly  chosen;  the  error  in  lift  either  side  of 
Lmax>  wUl  be  off  by  the  cosine  of  the  angular  difference  between  the  actual 
angle-of-attack  and  the  angle  at  which  the  accelerometer  was  set.  Calculations 
show  that  any  reasonable  angular  error  in  setting  the  accelerometer  will  not 
significantly  affect  the  shape  or  location  of  the  lift  curve  peak. 

In  regard  to  measurement  of  angle-of-attack,  determination  of  true  angle- 
of-attack  would  require  calibration  of  the  indicator  for  each  of  several  configura¬ 
tions.  However,  compliance  with  the  regulation  does  not  require  knowledge 
of  true  angle-of-attack  but  only  assurance  that  true  angle-of-attack  is  increasing 
steadily  as  the  maximum  lift  is  exceeded.  Since  calibration  of  known  angle-of- 
attack  devices  shows  that  the  difference  between  true  angle  and  indicated  angle 
is  proportional  to  Cl,  then  knowledge  of  variation  of  indicated  angle-of-attack 
during  the  stall  maneuver  will  be  sufficient. 


4b.  160-1  Procedure  for  demonstrating  stall 
tests,  symmetrical  power  {FAA  policies  which 
apply  to  sec.  Jtb.160  (c)  (Z)). 

(a)  Angle-of-attack.  The  angle-of-attack  dur¬ 
ing  the  stall  maneuver  should  be  increased  at 
least  to  the  point  where  the  following  two 
conditions  are  satisfied: 

(1)  Attainment  of  an  angle-of-attack  meas¬ 
urably  greater  than  that  for  maximum  lift. 

(2)  Clear  indication  to  the  pilot  through 
the  inherent  flight  characteristics  that  the  air¬ 
plane  is  stalled. 

(b)  Procedure  to  be  used.  The  following  pro¬ 
cedure  may  be  used  to  demonstrate  that  these 
two  conditions  are  fulfilled: 

(1)  A  photopanel  or  equivalent  method  of 
obtaining  continuous  records  of  the  following 
variables  at  not  greater  than  K  second  intervals 
should  be  provided:  indicated  angle-of-attack, 
swivel  static  and  shielded  total  pressure  head 
or  equivalent,  pressure  altitude,  pitch  and 
bank  angle,  normal  acceleration,  elevator  posi¬ 
tion  and  force,  aileron  and  rudder  position. 


(2)  If  it  is  evident  that  longitudinal  stick 
force  is  always  positive,  that  is,  no  reversal 
exists  down  to  the  stall,  then  time  history  of 
this  item  should  not  be  required. 

(3)  In  order  to  insure  that  an  accurate 
recording  of  the  indicated  angle-of-attack  is 
obtained,  the  sensing  device  should  be  located 
in  a  region  where  tuft  surveys  show  that  the 
streamlines  undergo  no  radical  change  in  direc¬ 
tion  up  to  the  maximum  angle  contemplated. 
Regions  well  forward  of  the  wing  leading  edge 
are  desirable  to  keep  the  angular  difference  be¬ 
tween  true  angle  and  indicated  angle  as  small 
as  possible. 

(4)  Means  for  indicating  the  stall- warning 
point  and  the  point  at  which  the  pilot  is  in¬ 
formed  by  the  inherent  flight  characteristics 
that  the  airplane  is  stalled  should  be  provided. 
This  may  consist  of  a  light  on  the  photopanel 
operable  by  a  switch  mounted  on  the  control 
wheel.  In  order  to  insure  that  the  camera 
records  the  light  image  a  time  delay  device  may 
need  to  be  incorporated  in  the  light  circuit  in 
cases  where  camera  speed  is  low. 
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(c)  Configuration.  Stalls  should  be  conducted 
in  the  configurations  noted  in  the  following 
listings  and  with  cowl  flaps  appropriate  for  the 
flight  condition.  Power-off  stalls  should  be 
conducted  with  the  engines  idling  and  propellers 
in  low  pitch.  For  power-on  conditions,  stalls 
should  be  conducted  with  that  power  necessary 
to  maintain  level  flight  at  a  speed  of  1.6  Vst 
with  flaps  in  the  approach  position,  landing 
gear  retracted  and  maximum  landing  weight. 

(1)  Stalls — straight  flight: 


Gross  weight 

C.  G. 

Power 

Positions 

Flap 

Gear 

Max.  Land... 

Most  Fwd. 

Off... 

Retr _ 

Retr.* 

Do _ 

_ do _ 

_ do-. 

T.  0... 

Do.* 

Do . 

— do _ 

_ do.- 

Appr... 

Do.* 

Do _ 

_ do _ 

_ do.. 

Land _ 

Ext.* 

Do- . 

_ do . 

On _ 

Appr... 

Do.* 

Do . 

_ do _ 

_ do-- 

Land... 

Do.* 

Do . 

Most  Aft.. 

Off... 

Appr... 

Do.* 

Do . 

--_do . 

_ do.. 

Land... 

Do.* 

Do . 

...do . 

On _ 

Appr... 

Retr. 

Do . 

— do . 

_ do-_ 

_ do _ 

Ext. 

Do . 

...do . 

_ do.. 

Land... 

Retr. 

Do . 

--.do . 

_ do.. 

_ do _ 

Ext. 

Ma.v.  T.  0 _ 

...do . 

Off... 

Retr _ 

Ext.* 

Do . 

...do . 

_ do.. 

T.  0... 

Do.* 

Do . 

...do . 

On... 

Retr _ 

Do.* 

Do . 

...do . 

_ do.. 

T.  0... 

Do.* 

>  May  be  demonstrated  duriny  stalling  speed  tests.  See  section  4b.U2. 
•  Use  extended,  unless,  due  to  direction  of  C.  Q.  shift  with  gear,  re¬ 
tracted  gear  Is  more  critical.  If  retracted  is  more  critical  use  retracted 
position  for  these  stalls. 


(2)  Stalls — 30°  banked  turns: 


Gross 

weight 

C.  G. 

Power 

Positions 

Direc¬ 

tion 

Flap 

Gear 

Max.  T.  0. 

Most  Aft 

Off.. 

Retr. . 

Retr _ 

To  right 

Do . 

_ do.- 

_ do. 

_ do.. 

_ do _ 

To  left 

Do . 

_ do-_ 

On.  _ 

_ do.- 

_ do _ 

To  right 

Do _ 

_ do.- 

_ do. 

_ do.- 

_ do _ 

To  left 

Max.  Land. 

_ do.. 

Off.. 

Land . 

Extend- 

To  right 

Do _ 

_ do.- 

— do. 

_ do.- 

_ do _ 

To  left 

Do . 

_ do-_ 

On.  - 

_ do.- 

_ do _ 

Do. 

Do . 

_-do-_ 

_ do. 

_ do.- 

.  -do _ 

To  right 

(d)  Test  procedure  and  required  data.  The 
stall  tests  may  be  conducted  at  any  optional 
altitude  (see  sec.  4b.  100-3  (d)).  The  flight  test 
procedure  should  be  conducted  in  accordance 
with  section  4b.l60  (c)  (1).  The  pilot  should 
be  provided  with  a  yawmeter  or  equivalent 


means  for  maintaining  the  angle  of  yaw  as 
near  zero  as  possible.  The  operation  of  the 
photopanel  recording  system,  previously  de¬ 
scribed  in  paragraph  (b)  (1)  of  this  section, 
should  be  started  at  least  20  in.p.h.  above  the 
stall  speed  and  allowed  to  operate  continuously 
until  the  stall  recovery  is  completed.  The 
pilot’s  indication  of  stall  warning  and  the 
actual  occurrence  of  the  stall  should  be  obtained. 
In  addition  to  the  data  obtained  on  the  photo¬ 
panel  shown  in  (b)  (1)  of  this  section,  the 
following  information  should  also  be  recorded: 

Weight. 

C.  G.  position. 

Ambient  air  temperature. 

Wing  flap  position. 

Landing  gear  position. 

Engines,  r.  p.  m.  and  manifold  pressure. 

(e)  Data  analysis.  Time  histories  should  be 
plotted  of  the  photopanel  instruments.  The 
stalling  warning  point  (see  sec.  4b. 162-1)  and 
the  point  at  which  “the  inherent  flight  charac¬ 
teristics  give  a  clear  indication  that  the  airplane 
is  stalled”  should  be  noted  on  the  plots. 

(1)  Inspection  of  the  plots  will  then  ^aow  if 
the  following  two  conditions  are  fulfilled; 

(i)  The  indicated  angle-of-attack  in¬ 
creases  steadily  to  a  value  measurably  beyond 
that  for  maximum  lift,  and 

(ii)  The  stall  is  evident  to  the  pilot  prior 
to  initiation  of  recovery  . 

(2)  Consideration  should  be  given  to  the 
following  points  in  the  time-history  analysis: 

(i)  The  direction  in  which  the  elevator  is 
moving,  i.  e.,  any  nooe  down  pitch  or  decrease 
in  load  factor  not  induced  by  inadvertent 
elevator  motion, 

(ii)  Rudder  and  aileron  movement  with 
respect  to  uncontrollable  roll, 

(iii)  The  effect  of  lag  in  the  airspeed 
system, 

(iv)  Rate  of  airspeed  change, 

(v)  Effect  of  pitching  velocity  or  rolling 
velocity  on  indicated  angle-of-attack.  If  pos¬ 
sible,  angle-of-attack  time  history  should  be 
drawn  through  points  where  pitching  or  rolling 
velocity  are  small.  If  corrections  are  unavoid¬ 
able,  the  angular  correction  is  simply  tan"‘ 
pd/V  where  p  is  the  rolling  or  pitching  velocity. 
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V  is  the  true  airspeed,  and  d  is  the  distance 
from  the  pitch  or  rolling  axis,  as  the  case  may 
be,  to  the  sensing  device.  It  should  be  noted 
that  this  correction  is  applicable  to  either  true 
or  indicated  angle-of-attack. 

(vi)  The  indicated  acceleration  is  a 
function  of  the  angle  the  vertical  axis  of  the 
accelerometer  makes  with  the  perpendicular  to 
the  earth’s  surface.  Therefore,  bank  angle  will 
seriously  affect  the  maximum  lift  point.  For 
example,  a  bank  of  45°  without  loss  of  lift  will 
result  in  a  drop  in  indicated  acceleration  from 
1.00  to  .707.  As  a  result  acceleration  data 
obtained  in  the  region  of  Ctmti-  should  be  dis¬ 
regarded  or  corrected  for  bank  angle  when  the 
bank  angle  exceeds  nine  or  ten  degrees. 

(19  F.  R.  4469,  July  20,  19.64,  effective  Sept.  1,  1954.) 

4b.l61  Stalling;  asymmetrical  power. 

(a)  The  airplane  shall  be  safely  recoverable 
without  applying  power  to  the  inoperative 
engine  when  stalled  with: 

(1)  The  critical  engine  inoperative, 

(2)  Flaps  and  landing  gear  retracted, 

(3)  The  remaining  engines  operating  up  to 
75  percent  of  maximum  continuous  power,  ex* 
cept  that  the  power  need  not  be  greater  than 
that  at  which  the  wings  can  be  held  level 
laterally  with  the  use  of  maximum  control 
travel. 

(b)  It  shall  be  acceptable  to  throttle  back 
the  operating  engines  during  the  recovery 
from  the  stall. 

4b.  161-1  Procedure  for  demonstrating  stall 
tests,  asymmetrical  power  {FAA.  policies  which 
apply  to  sec. 

(a)  Control  of  airplane.  During  this  test  the 
airplane  should  not  become  uncontrollable  or 
lose  an  excessive  amount  of  altitude  when  so 
stalled. 

(b)  Configuration.  This  tw  t  should  be  con¬ 
ducted  in  the  configuration  that  follows: 

Weight — maximum  takeoff. 

C.  G.  position — most  aft. 

Wing  flaps — retracted. 

Landing  gear — retracted. 

Operating  engine(s) — power  up  to  75  per¬ 
cent  maximum  continuous  power,  cowl 
flaps  optional. 


Critical  inoperative  engine — propeller 

optional,  feathered  or  windmilling,  cowl 

flaps  appropriate  for  flight  condition. 

Trim  speed — 1.4 

(c)  Teat  procedure  and  required  data.  This 
test  may  be  conducted  at  any  optional  altitude 
(see  sec.  4b.l00-3  (c)).  See  section  4b. 160  (c) 
regarding  test  procedure. 

(1)  The  speed  of  the  airplane  should  be 
reduced  from  the  trim  condition  with  the  wings 
held  level  until  the  first  of  the  following  occurs: 

(i)  Full  rudder  or  aileron  deflection. 

(ii)  180  lbs.  rudder  force. 

(iii)  Stall  is  reached. 

(2)  If  full  rudder  or  aileron  deflection,  or 
the  180  lbs.  rudder  force  occurs  first,  the  power 
should  be  reduced  and  the  test  repeated  until 
sufficient  control  is  available  to  complete  the 
stall.  The  power  may  be  reduced  on  the  oper¬ 
ating  engine  (s)  before  reapplying  power  on  the 
operating  engine  or  engines  for  the  purpose  of 
regaining  level  flight.  The  following  data 
should  be  recorded  at  that  point: 

Pressure  altitude. 

Ambient  air  temperature. 

Indicated  air  speed. 

Engines,  r.  p.  m.  and  manifold  pressure. 

Torque  pressure. 

Carburetor  air  temperature. 

Rudder  force  (if  desirable). 

(3)  If  stall  is  reached  first,  the  same  data 
should  he  recorded. 

(19  F.  R.  4460,  July  20, 1954,  effective  Sept.  1,  1954.) 

4b.  162  Stall  warning.  Clear  and  distinc¬ 
tive  stall  warn  :  oall  be  apparent  to  the  pilot 
with  snfficien  na  pn  to  prevent  inadvertent 
stalling  of  the  aii  plane  with  flaps  and  landing 
gear  in  ail  normally  used  positions,  both  in 
straight  and  in  taming  flight.  It  shall  be  ac¬ 
ceptable  for  the  warning  to  be  furnished  either 
through  the  inherent  aerodynamic  qualities  of 
the  airplane  or  by  a  device  which  will  give 
clearly  distinguishable  indications  under  all 
expected  conditions  of  flight. 

Note;  a  stall  warnlnx  beginninx  at  a  speed  7  percent 
above  the  stalling  speed  is  normally  considered  suffi¬ 
cient  margin.  Other  margins  may  be  acceptable  de¬ 
pending  upon  the  degree  of  ciarity,  duration,  and  dis¬ 
tinctiveness  of  the  warning  and  upon  other  character¬ 
istics  of  the  airplane  evidenced  during  the  approach  to 
the  stall. 
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Disousaion  of  Policies  Relating  to  Stall  Warning  in  Section  4b.  162-1 

Occurrence  of  stall  warning  at  some  specific  speed  maigin  above  the  stalling 
speed  is  no  longer  required.  It  has  been  found  that  certain  other  character' 
istics  may  exist  which  make  an  airplane  less  susceptible  to  inadvertent 
stalling  than  one  in  which  a  specific  speed  margin  has  been  provided  between 
the  occurrence  of  stall  warning  and  the  actual  stall. 


4b.  162-1  Stall  warning  {FAA  policies  which 
apply  to  see.  4h.l6S). 

(a)  The  adequacy  of  stall  warning  should  de¬ 
pend  on  the  relative  ease  with  which  an  airplane 
might  be  inadvertently  stalled  following  the 
occurrence  of  stall  warning.  For  example,  if 
unmistakable  warning  occurs  only  2  percent 
above  the  stall  speed  but  undue  pilot  effort  is 
required  to  reduce  the  airspeed  to  the  stall,  the 
speed  margin  of  2  percent  may  be  adequate. 
On  the  other  hand,  if  conscious  effort  is  required 
to  avoid  stalling  the  airplane,  a  positive  type 
of  warning  initiated  at  a  relatively  high  speed 
above  the  stall  may  be  required. 

(b)  Suggested  suitable  stall  warnings  are, 
buffeting  which  may  be  defined  as  general  shak¬ 
ing  or  vibration  of  the  airplane  or  elevator 
shake  of  sufficient  magnitude  to  be  unmistak¬ 
able;  or  a  stall  warning  instrument  such  as  a 
stick  shaker.  A  visual  stall  warning  device 
which  requires  the  attention  of  the  crew  within 
the  cockpit  is  not  considered  acceptable  by 
itself. 

(19  F.  R.  4460,  July  20,  1954,  effective  Sept.  1,  1954.) 

Ground  Handling  Characteristics 

4b.l70  Longitudinal  stability  and  con¬ 
trol. 

(a)  There  shall  be  no  uncontrollable  tend¬ 
ency  for  landplanes  to  nose  over  in  any  reason¬ 
ably  expected  operating  condition  or  when  re¬ 
bound  occurs  during  landing  or  takeoff. 

(b)  Wheel  brakes  shall  operate  smoothly  and 
shaU  exhibit  no  undue  tendency  to  induce 
nosing  over. 

(c)  When  a  taii-wheei  landing  gear  is  used  it 
shall  be  possible  during  the  takeoff  ground  run 
on  concrete  to  maintain  any  attitude  up  to 
thrust  line  level  at  80  percent  of  Vsi. 

4b.l70-l  Procedure  for  dernonstrating  longi¬ 
tudinal  stability  and  eosdrol  on  the  ground  {FAA 
policies  which  apply  to  sec.  4h.l70).  Taxiing 


tests  at  velocities  up  to  70  percent  of  the  stall¬ 
ing  speed  should  be  conducted  on  smooth  and 
rough  ground  which  may  likely  be  encountered 
under  normal  operating  conditions.  Particular 
attention  should  be  paid  to  the  following: 

(a)  Taxiing  over  rough  ground.  There  is  some 
evidence  to  indicate  that  critical  loads  can  be 
built  up  in  taxiing  over  rough  ground,  even 
when  the  shock-absorbing  system  is  entirely 
satisfactory  with  respect  to  capacity  for  landing 
purposes. 

(b)  Brakes.  Their  adequacy  when  maneu¬ 
vering  on  the  ground  and  their  tendency  to 
cause  nosing-over  should  be  investigated.  Any 
bad  tendency  will  normally  be  exaggerated 
when  taxiing  in  a  strong  side  or  tail  wind. 

(19  F.  R.  4460,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.  170-2  Longitudinal  stability  and  control 
with  reverse  thrust  {FAA  policies  which  apply  to 
sec.  4b. 170).  The  policies  outlined  in  section 
4b.402-l  (a),  (d),  and  (e)  will  apply. 

(20  F.  R.  2277,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

4b.l70-3  Longitudinal  stability  and  control 
with  an  antiskid  device  installed  {FAA  policies 
which  apply  to  see.  4b. 170).  The  policies  out¬ 
lined  in  section  4b.337-4  will  apply. 

(21  F.  R.  2558,  Apr.  19, 1956,  effective  May  15, 1956.) 

4b.l71  Directional  stability  and  control. 

la)  There  shall  be  no  uncontrollable  ground- 
looping  tendency  in  90°  cross  winds  of  velocity 
up  to  0.2  F«o  at  any  ground  speed  at  which  the 
airfdane  is  expected  to  operate. 

(b)  All  land^anes  shall  be  demonstrated  to 
be  satisfactmily  controllable  with  no  excep¬ 
tional  degree  of  skill  or  alertness  on  the  part 
of  the  pilot  in  power-off  landings  at  normal  land¬ 
ing  speed  during  which  brakes  or  engine 
power  are  not  used  to  maintain  a  straight  path. 

(c)  Means  shaU  be  provided  for  directional 
control  of  the  airj^ane  during  taxiing. 
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4b.  17 1-1  Procedure  for  demonstrating  direc¬ 
tional  etalnlity  and  control  on  the  ground  {FAA 
polieiea  which  apply  to  sec.  4b.l71). 

(s)  Compliance  with  the  requirement  of 
section  4b.  171  (a)  may  be  demonstrated  during 
tests  for  the  establishment  of  the  cross  wind 
component  velocity  in  accordance  with  section 
4b.l73. 

(b)  Compliance  with  the  requirement  of 
section  4b.  171  (b)  may  be  demonstrated  during 
power-off  landings  in  other  tests. 

(c)  Compliance  with  the  requirement  of  sec¬ 
tion  4b.l71  (c)  may  be  demonstrated  during 
taxiing  prior  to  takeoff  or  after  landing  from 
other  flight  t^ts. 

(19  F.  R.  4460,  July  20, 1954,  effective  Sept.  1,  1954.) 

4b.  171-2  Directional  stability  and  control 
with  reverse  thrust  {FAA  policies  which  apply 
to  sec.  4b.l71).  The  policies  outlined  in  section 
4b.402-l  (a),  (d),  and  (e)  will  apply. 

(20  F.  R.  2277,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

4b.  17 1-3  Directional  stability  and  control 
with  an  antiskid  device  installed  {FAA  policies 
v^ich  apply  to  sec.  4b-171).  The  policies  out¬ 
lined  in  section  4b.337-4  will  apply. 

(21  F.  R.  2558,  Apr.  19, 1956,  effective  May  15, 1956.) 

4b.  172  Shock  absorption.  The  shock 
ahsorbing  mechanism  shall  not  produce  dam¬ 
age  to  the  strnctnre  when  the  air|dane  is 
taxied  on  the  roughest  ground  which  it  is 
reasonable  to  expect  the  airplane  to  encounter 
in  normal  operation. 

4b.  172-1  Shock  absorbing  mechanism  tests 
{FAA  policies  which  apply  to  sec.  4b. 17 2).  The 
shock  absorbing  mechanism  should  be  checked 
for  satisfactory  operation  while  taxiing,  taking 
off  and  landing  during  other  tests  in  the  type 
certification  program. 

(19  F.  R.  4460  July  20,  1954.  effective  Sept.  1,  1954.) 

4b.l73  Demonstrated  crosswind.  There 
shall  be  established  a  cross  component  of 
wind  velocity  at  which  it  has  been  demon¬ 
strated  to  be  safe  to  take  off  or  land. 

4b.l73-l  Crosswind  demonstration  {FAA 
policies  which  apply  to  sec.  4b. 173). 

(a)  Crosswind  component.  A  crosswind 
component  of  not  less  than  0.2  F«o  should  be 
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established  during  type  tests,  ('onsequently, 
two  results  are  possible: 

(1)  A  crosswind  component  may  be  estab¬ 
lished  at  a  value  which  is  not  marginal  with  the 
airplane’s  handling  characteristics.  This  value 
should  be  included  in  the  Operating  Procedures 
section  of  the  Airplane  Flight  Manual.  The 
operation  of  the  aircraft  in  crosswinds  greater 
than  the  value  specified  is  not  necessarily  u 
hazard.  Thus  operation  in  crosswinds  of  u 
greater  value  is  entirely  within  the  discretion 
of  the  operator. 

(2)  A  critical  crosswind  component  may 
be  established  at  a  value  which  is  considered 
the  maximum  up  to  which  it  is  safe  to  operate 
the  airplane  on  the  ground,  including  takeoffs 
and  landings.  This  value  should  be  shown  in 
the  Operating  Limitations  section  of  the  Air¬ 
plane  Flight  Manual.  Operation  of  the  air¬ 
plane  in  crosswinds  above  the  maximum  safe 
value  is  considered  hazardous  and  the  operator 
should  do  so  only  on  the  same  emergency  basis 
that  a  pilot  would  be  justified  in  exceeding  any 
of  the  operating  limitations  such  as  air  speed, 
engine  r.  p.  m.,  c.  g.  limitations,  etc. 

(3)  An  operator  may  of  course  restrict  the 
operation  of  his  airplane  to  crosswind  com¬ 
ponents  of  any  value  equal  to  or  less  than  that 
established  during  the  type  certification  tests. 

(b)  Configuration.  This  test  should  be  con¬ 
ducted  in  the  configurations  that  follow: 

Weight — maximum  takeoff  and  landing. 

C.  G.  position — most  aft. 

Flaps — takeoff  and  maximum  landing  posi¬ 
tions. 

(c)  Test  procedure  and  required  data.  At 
least  three  takeoffs  and  landings  should  be 
made  in  crosswind  components  of  0.2  Fso  mph 
(or  greater  at  applicant’s  option)  to  demonstrate 
satisfactory  controllability  and  handling  char¬ 
acteristics.  The  magnitude  and  direction  of 
the  crosswind  should  be  established  by  the  use 
of  appropriate  meteorological  instruments. 

(19  F.  R.  4460,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.  173-2  Ground  handling  characteristics 
with  reverse  thrust  {FAA  policies  which  apply 
to  sec.  4b. 173).  The  policies  outlined  in  section 
4b.402-l  (a)  and  (d)  will  apply. 

(20  F.  R.  2278,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 
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Water  Handling  Characteristics 

4b.l80  Water  eonditione.  The  most  ad* 
▼erse  water  coaditions  in  which  the  seaplane 
has  been  demonstrated  to  be  safe  for  takeoff, 
taxiing,  and  al^hting  shall  be  established. 

4b.l80-l  Water  handling  gualitiea  {FAA 
policies  which  apply  to  sec.  41>-180).  Policies 
outlined  in  section  4b. 182-1  will  apply. 

(19  F.  R.  4461,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.  181  Wind  conditions.  The  following 
wind  velocities  shall  be  established; 

(a)  A  lateral  component  of  wind  velocity  not 
less  than  0.2  Vso  at  and  below  which  it  has  been 
demonstrated  that  the  seaplane  is  safe  for 
taking  off  and  alighting  under  all  water  con¬ 
ditions  in  which  the  seaidane  is  likely  to  be 
operated; 

(b)  A  wind  velocity  at  and  below  which  it 
has  been  demonstrated  that  the  seaplane  is 
safe  in  taxiing  in  all  directions,  under  all  water 
conditions  in  which  the  seaplane  is  likely  to 
be  operated. 

4b.  181-1  Crosswind  demonstration  {FAA 
policies  which  apply  to  sec.  4^.181).  Policies 
outlined  in  section  4b.l73-l  will  apply. 

(19  F.  R.  4461,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.  182  Control  and  stability  on  the 
water. 

(a)  In  taking  off,  taxiing,  and  alighting,  the 
seaidane  shall  not  exhibit  the  following: 

(1)  Any  dangerously  uncontroUable  por- 
ptdsing,  bouncing,  or  swinging  tendency; 

(2)  Any  submerging  of  auxiliary  floats  or 
sponsons,  any  immersion  of  wing  tips,  propeller 
blades,  or  other  parts  of  the  sea^ane  which 
are  not  designed  to  withstand  the  resulting 
water  loads; 

(3)  Any  siway  forming  which  would  im¬ 
pair  the  (Hlot’s  view,  cause  damage  to  the  sea- 
l^ane,  or  result  in  ingress  of  an  undue  quantity 
of  water. 

(b)  Comiriiance  with  paragraph  (a)  of  this 
section  shall  be  shown  under  the  following 
conditions: 

(1)  All  water  conditions  from  smooth  to 
the  most  adverse  condition  established  in  ac¬ 
cordance  with  section  4b.l80; 

(2)  All  wind  and  cross-wind  velocities, 
water  currents,  and  associated  waves  and 


swells  which  the  seaplane  is  likely  to  encounter 
in  operation  on  water; 

(3)  All  speeds  at  which  the  sea|dane  is 
likely  to  be  operated  on  the  water ; 

(4)  Sodden  failure  of  the  critical  engine, 
occurring  at  any  time  while  the  airplane  is 
operated  on  water ; 

(5)  All  seaplane  weights  and  center  of 
gravity  positions  within  the  range  of  loading 
conditions  for  which  certification  is  sought, 
relevant  to  each  condition  of  operation. 

(c)  In  the  water  conditions  of  paragraph  (b) 
of  this  section  and  the  corresponding  wind  con¬ 
ditions  the  seaplane  shall  be  able  to  drift  for 
5  minutes  with  engines  inoperative,  aided  if 
necessary  by  a  sea  anchor. 

4b. 182-1  Procedure  for  demonstrating  control 
and  stability  on  the  water  {FAA  policies  which 
apply  to  sec.  4b.l8Z). 

(a)  In  order  to  check  water  stability,  taxiing 
tests  should  be  made  in  a  crosswind  determined 
in  accordance  with  section  4b.  181. 

(b)  Porpoising  tendencies  should  be  investi¬ 
gated  and  reported  for  extreme  loading  condi¬ 
tions. 

(c)  The  ability  to  maneuver  up  to  and  while 
on  the  step  should  be  investigated  and  the 
results  reported. 

(d)  (Compliance  with  the  spray  requirements 
may  be  substantiated  while  taxiing,  taking  off, 
and  landing  during  other  tests  in  the  type 
certification  program. 

(e)  If  water  rudders  are  provided,  their 
effectiveness  should  be  checked. 

(f)  Water  taxiing  ability  should  be  investi¬ 
gated  by  actually  taxiing  the  seaplane  with 
appropriate  use  of  power. 

(19  F.  R.  4461,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.  182-2  Control  and  stability  on  the  water 
with  reverse  thrust  {FAA  policies  which  apply 
to  sec.  4b.l82).  The  policies  outlined  in  section 
4b.402-l  (a),  (d),  (f),  and  (h)  will  apply. 

(20  F.  R.  2278,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

Miscellaneous  Flight  Requirements 

4b.l90  Flutter  and  vibration. 

(a)  All  parts  of  the  airifiane  shall  be  demon¬ 
strated  in  flight  to  be  free  from  flutter  and 
excessive  vibration  under  all  speed  and  power 
conditions  appropiate  to  tbe  operation  of  tbe 
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airplane  np  to  at  least  the  minimam  value  per¬ 
mitted  for  Vd  in  section  4b.210  (b)  (5).  The 
iwRrimnin  speeds  so  demonstrated  shall  be 
need  in  establishing  the  operating  limitations 
of  the  airplane  in  accordance  with  section 
4b.711. 

(b)  There  shall  be  no  buffeting  condition  in 
normal  flight  severe  enough  to  interfere  with 
the  control  of  the  airplane  to  cause  excessive 
fatigue  to  the  crew,  or  to  cause  structural 
damage.’  (See  also  sec.  4b.308.) 

<  II  to  not  Ike  Intent  of  thin  rc«nireinonl  to  dinconrafo  nnch  null 
varninc  bnlTeting  an  does  not  contradict  Iheae  prortoiona. 

4b.l90-l  Determination  oj  flutter  and  vibra¬ 
tion  qualities  during  dive  {FAA  policies  which 
apTfly  to  see.  4b.l90). 

(a)  Observation  for  tendencies.  The  airplane 
should  be  observed  for  flutter  and  vibration 
tendencies  during  other  tests  in  the  type  certifi¬ 
cation  program.  In  case  the  design  speed  is 
limited  at  altitude  by  Mach  number,  the  dive 
should  be  conducted  at  a  combination  of  pressure 
altitude  and  equivalent  airspeed  to  permit  attain¬ 
ing  the  desired  maximum  Mach  number  and  dy¬ 
namic  pressure  simultaneously.  Stability  and 
control  qualities  should  be  noted  during  the  dive. 

(b)  Configuration.  This  test  should  be  con¬ 
ducted  in  the  configurations  that  follow: 

(1)  Maximum  takeoff  weight. 

C.  G.  position — most  aft. 

Wing  flapts-  -retracted  and  takeoff  posi¬ 
tion. 

Landing  gear — retracted. 

Engines — ^power  as  desired. 

Cooling  controls — optional. 

Pneumatic  boots — inoperative. 

(2)  Maximum  landing  weight. 

C.  G.  position — ^most  rearward. 

Wing  flaps — approach  and  landing  posi¬ 
tions. 

Landing  gear — extended. 

Engines — power  as  desired. 

Cooling  controls — optional. 

Pneumatic  boots — ^inoperative. 

(c)  Test  procedure  and  required  data.  The 
speed  of  the  airplane  should  be  slowly  increased, 
from  a  steady  flight  high  speed  condition,  until 
the  maximum  calibrated  design  dive  speed  for 
maximum  takeoff  weight  is  attained.  The 
power  and  trim  may  be  adjusted  during  the 


dive.  The  dive  should  be  entered  at  a  suffi¬ 
ciently  high  altitude  to  insure  safe  recovery. 
In  case  the  design  speed  is  limited  at  altitude 
by  Mach  number,  the  airplane  should  be  dived 
at  constant  Mach  number  (maximum  design  or 
highest  desired  by  the  applicant— but  in  no 
case  less  than  that  specified  in  section  4b. 2 10 
(b)  (5))  until  the  maximum  equivalent  design 
dive  speed  is  attained.  The  test  should  be  re¬ 
peated  at  maximum  landing  weight  with  flaps 
and  gear  extended  diving  to  the  maximum 
design  flap  speed  or  speeds.  CAUTION: 
Throughout  these  tests  any  control  displace¬ 
ments  should  be  executed  gently. 

(1)  The  following  data  should  be  recorded 
for  each  test; 

Pressure  altitude. 

Ambient  air  temperature. 

Indicated  air  speed. 

Machmeter  reading  (if  applicable). 

Engines,  r.  p.  m.  and  manifold  pressure. 

Wing  flap  position. 

Landing  gear  position . 

Weight. 

C.  G.  position. 

(19  F.  R.  4461,  July  20,  1954,  effective  Sept.  1,  1954.) 

|[4b.l91  High-speed  characteristics. 

[(a)  Speed  increase  and  recovery  charac¬ 
teristics. 

[(1)  Operating  conditions  or  characteris¬ 
tics  likely  to  cause  inadvertent  speed  increases, 
induding  upsets  in  pitch  and  roll,  shall  be 
simulated  with  the  airplane  trimmed  at  any 
likely  cruise  speed  up  to  VuoIMmo'  Allowing  for 
pilot  reaction  time  after  effective  inherent  or 
artificial  speed  warning  occurs  (see  sec. 
4b.603(k)),  it  shall  be  demonstrated  that  the 
airplane  can  be  recovered  to  a  normal  attitude 
and  its  speed  reduced  to  VuolMuo  without 
requiring  exceptional  strength  or  skill  on  the 
part  of  the  pilot,  without  exceeding  VdIMd, 
VdfIMdf,  or  the  structural  limitations,  and 
without  producing  buffeting  which  would  cause 
structural  damage. 

[Note:  Examples  of  operating  conditions  or  charac¬ 
teristics  likely  to  cause  speed  increases  are:  gust  up¬ 
sets,  inadvertent  control  movements,  low  stick  force 
gradient  in  relation  to  control  friction,  passenger 
movement,  leveling  off  from  climb,  and  descent  from 
Mach  to  airspeed  limit  altitudes. 
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[(2)  At  all  speeds  up  to  VdfIMdf,  there  shall  4b.l57(b),  and  4b.l58  are  required  to  be  met 

be  uo  control  reversal.  Any  reversal  of  elevator  with  flaps  and  landing  gear  retracted.  It  shall 

control  force  or  tendency  of  the  airplane  to  not  be  less  than  a  speed  halfway  between 

pitch,  roll,  or  yaw,  shall  be  mild  and  readily  VmoIMuo  and  VdfIMdf,  except  that  in  the  alti> 

controllable  using  normal  piloting  technique.  tude  range  where  Mach  number  is  the  limiting 

[(b)  Maximum  speed  for  stability  char-  factor,  Mfc  need  not  exceed  the  Mach  number 

acteristies,  VfcIMfc-  VfcIMfc  shall  be  the  at  which  effective  speed  warning  occurs.] 
maximum  speed  at  which  the  requirements  of  [(Amendment  4b  12.  published  27  F.  R.  2986. 
sections  4b.l32(e),  4b.l55(a),  4b.l56,  4b.l57(a),  Mar.  30.  1962.  efrective  May  3.  1962.)J 

Subpart  C— Structure 


General 

4b.200  Loads.  Strength  requirements  of 
this  subpart  are  specified  in  terms  of  limit  and 
ultimate  loads.  Unless  otherwise  stated,  the 
specified  loads  shall  be  considered  as  limit  loads. 
In  determining  compliance  with  these  require¬ 
ments  the  following  shall  be  applicable: 

(a)  The  factor  of  safety  shall  be  1.5  unless 
otherwise  specified. 

(b)  Unless  otherwise  provided,  the  specified 
air,  ground,  and  water  loads  shall  be  placed  in 
equilibrium  with  inertia  forces,  considering  all 
items  of  mass  in  the  airplane. 

(c)  All  loads  shall  be  distributed  in  a  manner 
closely  approximating  or  conservatively  repre¬ 
senting  actual  conditions. 

(d)  If  deflections  under  load  significantly 
change  the  distribution  of  external  or  internal 
loads,  the  redistribution  shall  be  taken  into 
account. 

4b.201  Strength  and  deformation. 

(a)  The  structure  shall  be  capable  of  sup¬ 
porting  Umit  loads  without  suffering  detrimental 
permanent  deformations. 

(b)  At  all  loads  up  to  limit  loads  the  deforma- 
mation  shall  be  such  as  not  to  interfere  with 
safe  operation  of  the  airplane. 

(c)  The  structure  shall  be  capable  of  sup¬ 
porting  ultimate  loads  without  failure.  It  shall 
sn^tort  the  load  for  at  least  3  seconds,  unless 
proof  of  strength  is  demonstrated  by  dynamic 
tests  simulating  actual  conditions  of  load 
Implication. 

(d)  Where  structural  flexiln'lity  is  such  that 
any  rate  of  load  application  likely  to  occur  in  the 
(merating  conditions  might  produce  transient 
stresses  appreciably  higher  than  those  corre¬ 


sponding  with  static  loads,  the  effects  of  such 
rate  of  application  shall  be  considered. 

4b.202  Proof  of  structure. 

(a)  Proof  of  compliance  of  the  structure  with 
the  strength  and  deformation  requirements  of 
section  4b.201  shall  be  made  for  all  critical 
loading  conditions. 

(b)  Proof  of  compliance  by  means  of  struc¬ 
tural  analysis  shall  be  acceptable  only  when  the 
structure  conforms  to  types  for  which  experi¬ 
ence  has  shown  such  methods  to  be  reliable. 
In  all  other  cases  substantiating  tests  shall  be 
required. 

(c)  In  all  cases  certain  portions  of  the  struc¬ 
ture  shall  be  tested  as  specified  in  section 
4b.300. 

(d)  Proof  of  compliance  of  the  structure  with 
the  fatigue  evaluation  requirements  of  section 
4b.270  shall  be  made. 

Flight  Loads 

4b.2i0  General.  Flight  load  requirements 
shall  be  complied  with  at  critical  altitudes 
within  the  range  selected  by  the  applicant  at  all 
weights  from  the  design  minimum  weight  to 
the  maximum  weight  appropriate  to  each 
particular  flight  condition,  with  any  practicable 
distribution  of  disposable  load  within  prescribed 
operating  limitations  stated  in  the  Airplane 
Flight  Manual.  (See  sec.  4b.740.)  Com¬ 
pressibility  effects  shall  be  taken  into  account 
at  all  speeds. 

(a)  Flight  load  factor.  The  flight  load 
factors  specified  in  this  subpart  shall  represent 
the  component  of  acceleration  in  terms  of  the 
gravitational  constant.  The  flight  load  factor 
shall  be  assumed  to  act  normal  to  the  longi¬ 
tudinal  axis  of  the  airplane,  shall  be  equal  in 
magnitude,  and  shall  be  opposite  in  direction  to 
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the  airplene  inertie  load  factor  at  the  center  of 
gravity. 

(b)  Design  air  speeds.  The  design  air 
spee^  shall  be  equivalent  air  speeds  (EAS) 
and  shall  be  cbosen  by  the  applicant,  except 
that  they  shall  not  be  less  than  the  speeds 
defined  in  subparagraphs  (1)  through  (5)  of  this 
paragraph.  Where  estimated  values  of  the 
speeds  Va^  and  Fsi  are  used,  such  estimates 
shall  be  conservative. 

[(1)  Design  dap  speeds,  Vf,.  The  design 
flap  speed  for  each  flap  position  established  in 
accordance  with  section  4b.323  (a)  shall  be 
sufficiently  greater  than  the  operating  speed 
recommended  for  the  corresponding  stage  of 
flight  (including  balked  landings)  to  allow  for 
probable  variations  in  control  of  airspeed  and 
for  transition  from  one  flap  position  to  another. 
Fjr  shall  be  not  less  than: 

[(i)  1.6  with  flaps  in  takeoff  position 
at  maximum  takeoff  weight; 

[(ii)  1.8  Vs,  with  flaps  in  approach  posi¬ 
tion  at  maximum  landing  weight;  and 

C(iii)  1.8  Vso  with  flaps  in  landing  posi¬ 
tion  at  maximum  landing  weight. 

[Where  an  automatic  flap  positioning  or  load 
limiting  device  is  employed,  it  shall  be  per¬ 
missible  to  .  use  the  speeds  and  corresponding 
flap  positions  programmed  or  permitted  by 
the  device.  (See  sec.  4b.323(c).)] 

(2)  Design  maneuvering  speed,  Va. 
The  design  maneuvering  speed,  Va,  shall 
be  equal  to  V»i-yjn  where  n  is  the  limit  posi¬ 
tive  maneuvering  load  factor  at  Vc  (see  sec. 
4b.211(a))  and  Vs,  is  the  stalling  speed  with 
flaps  retracted.  Both  Va  and  V3  shaU  be  eval¬ 
uated  at  the  design  weight  and  altitude  under 
consideration.  Va  need  not  be  greater  than 
Vc  or  the  speed  at  which  the  positive  Clfmax 
curve  intersects  the  positive  maneuver  load 
factor  line,  whichever  is  the  lesser.  (See 
fig.  4b-2.) 

(3)  Design  speed  for  maximum  gust 
intensity,  Vb.  Vb  shall  be  either  the  speed 
determined  by  the  intersection  of  the  line 
representing  the  maximum  positive  lift  CAoax 
and  the  line  representing  the  rough  gust 
velocity  on  the  gust  V-n  diagram  or  {^jng)  V«„ 
whichever  is  the  lesser;  where  n,  is  the  positive 
airplane  gust  load  factor  due  to  gust  at  speed  Vc 


in  accordance  with  section  4b.211  (b)  (2)  at  the 
particular  weight  under  consideration  and  V«, 
is  the  stalling  speed  with  flaps  retracted  at  the 
particular  weight  under  consideration.  Va 
need  not  be  greater  than  Vc. 

(4)  Design  cruising  speed,  Vc.  The 
minimum  design  cruising  speed  Vc  shall  be 
sufficiently  greater  than  Vb  to  provide  for  inad¬ 
vertent  speed  increases  likely  to  occur  as  a 
result  of  severe  atmospheric  turbulence.  In  the 
absence  of  a  rational  investigation  substan¬ 
tiating  the  use  of  other  values,  Vc  shall  not  be 
less  than  Vb+50  (m.  p.  h.),  except  that  it  need 
not  exceed  the  maximum  speed  in  level  flight 
at  maximum  continuous  power  for  the  corre¬ 
sponding  altitude.  At  altitudes  where  Vp  is 
limited  by  Mach  number,  it  shall  be  acceptable 
to  limit  Vc  to  a  Mach  number  selected  by  the 
applicant.  [(See  sec.  4b.711.)] 

[(5)  Design  dive  speed,  Vp.  The  design 
dive  speed  chosen  by  the  applicant  shall  be 
used  in  determining  the  maximum  operating 
limit  speed  for  the  airplane  in  accordance  with 
section  4b.711.J 

(c)  Design  fuel  and  oil  loads.  The  dis¬ 
posable  load  combinations  shall  include  all 
fuel  and  oil  loads  in  the  range  from  zero  fuel 
and  oil  to  the  maximum  fuel  and  oil  load 
selected  by  the  applicant.  It  shall  be  permissible 
for  the  appUcant  to  select  a  structural  reserve 
fuel  condition  not  exceeding  45  minutes  of  fuel 
under  operating  conditions  defined  in  section 
4b.437  (c).  If  a  structural  reserve  fuel  condition 
is  selected,  it  shall  be  used  as  the  minimum  fuel 
weight  condition  for  showing  compliance  with 
the  flight  load  requirements  as  prescribed  in 
this  subpart,  in  which  case,  the  provisions  of 
subparagraphs  (1)  through  (3)  of  this  paragraph 
shall  apply. 

(1)  The  structure  shall  be  designed  for  a 
condition  of  zero  fuel  and  oil  in  the  wing  at 
limit  loads  corresponding  with: 

(i)  A  maneuver  load  factor  of  +2.25,  and 

(ii)  Gust  intensities  equal  to  85  percent 
of  the  values  prescribed  in  section  4b.211  (b). 

(2)  Fatigue  evaluation  of  the  structure 
shall  take  into  account  any  increase  in  operating 
stresses  resulting  from  the  design  condition  of 
subparagraph  (1)  of  this  paragraph  (see  sec. 
4b.270). 
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(3)  The  flatter,  deformation,  and  vibra¬ 
tion  requirements  shall  also  be  met  with  zero 
fhel  (see  sec.  4b.308). 

[(Amendment  4b-12,  pablished  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3, 1962.)] 

4b.211  Flight  envelopes.  The  strength 
requirements  shall  be  met  at  all  combinations 
of  air  speed  and  load  factor  on  and  within  the 
bonndaries  of  the  V-n  diagrams  of  figures 
4b-2  and  4b-3  which  represent  the  maneuvering 
and  gust  envelopes.  These  envelopes  shall 
also  be  used  in  determining  the  airplane  struc¬ 


tural  operating  limitations  as  specified  in  sec. 
tion  4b.710. 

(a)  Maneuvering  load  factors.  (See  fig. 
4b--2.)  The  airplane  shall  be  assumed  to  be 
subjected  to  symmetrical  maneuvers  resulting 
in  the  limit  load  factors  prescribed  in  subpara¬ 
graphs  (1)  and  (2)  of  this  paragraph,  except 
where  limited  by  maximum  (static)  lift  coeffi¬ 
cients.  Pitching  velocities  appropriate  to  the 
corresponding  pull-up  and  steady  turn  man¬ 
euvers  shall  be  taken  into  account.  Lower 
values  of  maneuvering  load  factor  shall  be  ac¬ 
ceptable  only  if  it  is  shown  that  the  airplane 
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Figure  4b-2. —Maneuvering  envelope. 


embodies  features  of  design  which  make  it 
impossible  to  exceed  such  values  in  flight. 

(1)  The  positive  maneuvering  load  factor 
n  for  any  flight  speed  up  to  Vd  shall  be  selected 
by  the  applicant,  except  that  it  shall  not  be  less 
than  2.5. 

(2)  The  negative  maneuvering  load  factor 
shall  have  a  minimum  value  of  —1.0  at  all 
speeds  up  to  Vc,  and  it  shall  vary  linearly  with 
speed  from  the  value  at  Vc  to  zero  at  Vd. 

(b)  Gust  load  factors.  The  airplane  shall 
be  assumed  to  be  subjected  to  symmetrical 
vertical  gusts  while  in  level  flight.  The  result¬ 
ing  limit  load  factors  shall  correspond  with  the 
conditions  prescribed  in  subparagraphs  (1) 
through  (5»  of  this  paragraph.  The  shape  of 
the  gust  shall  be  assumed  to  be: 

— y, 

2  \  25^/ 

where: 

s= distance  penetrated  into  gust  (ft.); 

C=mean  geometric  chord  of  wing  (ft.); 


derived  gust  velocity  referred,  to  in 
subparagraphs  (1)  through  (3)  of 
this  paragraph  (fps). 

(1)  Positive  (up)  and  negative  (down) 
rough  air  gusts  of  66  fps  at  the  speed  Vb  shall 
be  considered  at  altitudes  between  sea  level 
and  20,000  feet.  At  altitudes  above  20,000 
feet,  it  shall  be  acceptable  to  reduce  the  gusi 
velocity  linearly  from  66  fps  at  20,000  feet  to 
38  fps  at  50,000  feet. 

(2)  Positive  and  negative  gusts  of  50  fps 
at  the  speed  Vc  shall  be  considered  at  altitudes 
between  sea  level  and  20,000  feet.  At  alti¬ 
tudes  above  20,000  feet,  '  shall  be  acceptable 
to  reduce  the  gust  velocity  .inearly  from  50  fps 
at  20,000  feet  to  25  fps  at  50,000  feet. 

(3)  Positive  and  negative  gusts  of  25  fps 
at  the  speed  Vd  shall  he  considered  at  altitudes 
between  sea  level  and  20,000  feet.  At  alti¬ 
tudes  above  20,000  feet,  it  shall  be  acceptable 
to  reduce  the  gust  velocity  linearly  from  25  fps 
at  20,000  feet  to  12.5  fps  at  50,00C'  feet. 

(4)  Gust  load  factors  shall  be  assumed  to 
vary  linearly  between  the  specified  conditions 
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B'  through  G',  as  shown  on  the  gust  envelope 
of  figure  4b-3. 

(5)  In  the  absence  of  a  more  rational 
analysis,  the  gust  load  factors  shall  be  com¬ 
puted  in  accordance  with  the  following  formula: 


where : 


n==l  + 


K,Vi,Va 

m{wiS)* 


oo 

I*"  —  gost  alleviation  factor; 

5.3  hftg 

2(W/S)  .  , 

A>»=  --  =  airplane  mass  ratio; 

pC  a  g 

Uj,= derived  gust  velocities  referred  to  in 
subparagraphs  (1)  through  (3)  of 
this  paragraph  (fps) ; 
p= density  of  air  (slugs/cu.ft.) ; 

W/S=vnng  loading  (psf); 

C=mean  geometric  chord  (ft.); 
p= acceleration  due  to  gravity  (ft/sec.^); 
F— airplane  equivalent  speed  (knots); 
a = slope  of  the  airplane  normal  force 
coeflBcient  curve  CfrA  per  radian  if 
the  gust  loads  are  applied  to  the 
wings  and  horizontal  tail  surfaces 
simultaneously  by  a  rational  meth¬ 
od.  It  shall  be  acceptacle  to  use 
the  wing  lift  curve  slope  per 


radian  when  the  gust  load  is  ap¬ 
plied  to  the  wings  only  and  the 
horizontal  tail  gust  loads  are 
treated  as  a  separate  condition. 

4b.212  Effect  of  high  lift  devices. 

[(a)  When  flaps  are  intended  for  use  during 
takeoff,  approach,  or  landing,  the  airplane  shall 
be  assumed  to  be  subjected  to  symmetrical 
maneuvers  and  gusts  within  the  range  deter¬ 
mined  by  the  following  conditions,  at  the  design 
flap  speeds  established  for  these  stages  of 
flight  in  accordance  with  section  4b.210(b)(l) 
and  with  the  flaps  in  the  corresponding  posi¬ 
tions:] 

(1)  Maneuvering  to  a  positive  limit  load 
factor  of  2.0, 

(2)  Positive  and  negative  25  fps  derived 
gusts  acting  normal  to  the  flight  path  in  level 
flight. 

(b)  When  flaps  or  similar  high  lift  devices  are 
intended  for  use  in  en  route  conditions  (e.  g., 
as  speed  brakes)  the  airplane  shall  be  assumed 
to  be  subjected  to  symmetrical  maneuvers  and 
gusts,  with  flaps  in  the  appropriate  position  at 
speeds  up  to  the  [flap  design  speed  chosen  for 
this  condition]  resulting  in  limit  load  factors, 
within  the  range  determined  by  the  following 
conditions: 
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(1)  Maneuvering  to  a  positive  limit  load 
factor  of  2.5, 

(2)  Positive  and  negative  derived  gusts  as 
prescribed  in  section  4b.211  (b)  acting  norma! 
to  the  flight  path  in  level  flight. 

£(c)  The  airplane  shall  be  designed  for  the 
conditions  prescribed  in  paragraph  (a)  of  this 
section,  except  that  the  airplane  load  factor 
need  not  exceed  1.0,  taking  into  account  the 
following  effects  as  separate  conditions: 

C(l)  Propeller  slipstream  corresponding 
with  maximum  continuous  power  at  the  design 
flat  speeds  Vf,  and  with  takeoff  power  at  not 
less  than  1.4  times  the  stalling  speed  for  the 
particular  flap  position  and  associated  maxi¬ 
mum  weight;  and 

[(2)  A  head-on  gust  of  25  feet  per  second 
velocity  (EAS).] 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)J 

4b.213  Symmetrical  flight  conditions' 

(a)  Procedure  of  analysis.  In  the  analy¬ 
sis  of  symmetrical  flight  conditions  at  least 
those  specified  in  paragraphs  (b),  (c),  and  (d) 
of  this  section  shall  be  considered.  The  follow¬ 
ing  procedure  of  analysis  shall  be  applicable: 

(1)  A  sufficient  number  of  points  on  the 
maneuvering  and  gust  envelopes  shall  be  in¬ 
vestigated  to  insure  that  the  maximum  load  for 
each  part  of  the  airplane  structure  is  obtained. 
It  shall  be  acceptable  to  use  a  conservative 
combined  envelope  for  this  purpose. 

(2)  All  significant  forces  acting  on  the 
airplane  shall  be  placed  in  equilibrium  in  a 
rational  or  a  conservative  manner.  The  linear 
inertia  forces  shall  be  considered  in  equilibrium 
with  wing  and  horizontal  tail  surface  loads, 
while  the  angular  (pitching)  inertia  forces  shall 
be  considered  in  equilibrium  with  wing  and 
fuselage  aerodynamic  moments  and  horizontal 
taU  surface  loads. 

(3)  Where  sudden  displacement  of  a  con¬ 
trol  is  specified,  the  assumed  rate  of  displace¬ 
ment  need  not  exceed  that  which  actually  could 
be  applied  by  the  pilot. 

(4)  In  determining  elevator  angles  and 
chordwise  load  distribution  in  the  maneuvering 
conditions  of  paragraphs  (b)  and  (c)  of  this 
section  in  turns  and  pullnps,  account  shall  be 
taken  of  the  effect  of  corresponding  pitching 
velocities. 


(b)  Maneuvering  balanced  conditions. 
The  maneuvering  conditions  A  through  I  on  the 
maneuvering  envelope  (fig.  4b-2)  shall  be  in¬ 
vestigated,  assuming  the  airplane  to  be  in 
equilibrium  with  zero  pitching  acceleration. 

(c)  Maneuvering  pitching  conditions. 
The  following  conditions  involving  pitching 
acceleration  shall  be  investigated  (see  fig.  4b-2): 

(1)  Maximum  elevator  displacement 
at  speed  Va.  The  airplane  shall  be  assumed 
to  be  flying  in  steady  level  flight  (point  Ay,  on 
fig.  4b-2)  and  the  pitching  control  suddenly 
moved  to  obtain  extreme  positive  pitching 
(nose  up)  except  as  limited  by  pilot  effort  in 
accordance  with  section  4b.220(a). 

(2)  Checked  maneuver  at  speeds  be¬ 
tween  Va  and  Vd‘  The  airplane  shall  be 
assumed  to  be  subjected  to  a  checked  maneuver 
from  steady  level  flight  (points  Ay  to  Dy  on 
fig.  4b-2)  and  from  the  positive  load  factor 
(points  As  to  Z>2  on  fig.  4b -2)  as  follows: 

(i)  A  positive  pitching  acceleration  (nose 
up),  equal  to  at  least  the  following  value,  shall 
be  assumed  to  be  attained  concurrently  with 
the  airplane  load  factor  of  unity  (points  Ay  to 
Dy  on  fig.  4b-2)  unless  it  is  shown  that  lesser 
values  could  not  be  exceeded: 

-ynin— 1.5)  (radians/sec.’’) 

where  n  is  the  positive  load  factor  (see  sec¬ 
tion  4b.21 1(a)(1)),  at  the  speed  under  con¬ 
sideration,  and  V  is  the  airplane  equivalent 
speed,  knots. 

(ii)  A  negative  pitching  acceleration 
(nose  down)  equal  to  at  least  the  following 
value  shaU  be  assumed  to  be  attained  con¬ 
currently  with  tbo  airplane  positive  maneuver¬ 
ing  load  factor  (points  A,  to  />:  on  fig.  4b-2) 
unless  it  is  shown  that  lesser  values  could 
not  be  exceeded: 

— (n — 1.5)  (radians/sec.‘) 

where  n  is  the  positive  load  factor  (see  sec. 
4b.211(a)(l)),  at  the  speed  under  considera¬ 
tion,  and  V  is  the  airplane  equivalent  speed, 
knots. 

(3)  Specified  control  displacement.  In 
lien  of  subparagiaph  (2)  of  tUs  paragraph,  a 
checked  maneuver  based  on  a  rational  pitching 
control  motion  vs.  time  profile  may  be  estab- 
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Ushed  such  that  the  design  limit  load  factor 
as  defined  in  section  4b.211(a)(l)  will  not  be 
exceeded.  The  airplane  response  shall  result 
in  pitching  accelerations  not  less  than  those 
specified  in  subparagraph  (2)  unless  it  is  shown 
that  lesser  values  cannot  be  exceeded. 

(d)  Gust  conditions.  The  gust  conditions 
B'  through  J'  on  figure  4b-3  shall  be  investi¬ 
gated.  The  following  provisions  shall  apply: 

(1)  The  air  load  increment  due  to  a  speci¬ 
fied  gust  shall  be  added  to  the  initial  balancing 
tail  load  corresponding  with  steady  level  flight. 

(2)  It  shall  be  acceptable  to  include  the 
alleviating  effect  of  wing  down-wash  and  of  the 
airplane's  motion  in  response  to  the  gust  in 
computing  the  tail  gust  load  increment. 

(3)  In  lieu  of  a  rational  investigation  of 
the  airplane  response  it  shall  be  acceptable  to 
apply  the  gust  factor  Kg  (see  sec.  4b.211  (b))  to 
the  specified  gust  intensity  for  the  horizontal 
tail. 

4b.214  Rolling  conditions.  The  airplane 
shall  be  designed  for  rolling  loads  resulting 
from  the  conditions  specified  in  paragraphs  (a) 
and  (b)  of  this  section.  Unbalanced  aero¬ 
dynamic  moments  about  the  center  of  gravity 
shall  be  reacted  in  a  rational  or  a  conservative 
manner  considering  the  principal  masses  fur¬ 
nishing  the  reacting  inertia  forces. 

(a)  Maneuvering,  The  following  condi¬ 
tions,  aileron  deflection,  and  speeds,  except  as 
the  deflections  may  be  limited  by  pilot  effort 
(see  sec.  4b.220  (a)),  shall  be  considered  in 
combination  with  an  airplane  load  factor  of  zero 
and  of  two-thirds  of  the  positive  maneuvering 
factor  used  in  the  design  of  the  airplane.  In 
determining  the  required  aileron  deflections, 
the  torsional  flexibUity  of  the  wing  shall  be 
taken  into  account  in  accordance  with  section 
4b.200  (d). 

(1)  Conditions  corresponding  with  steady 
rolling  velocity  shall  be  investigated.  In  addi¬ 
tion,  conditions  corresponding  with  maximum 
angular  acceleration  shall  be  investigated  for 
airplanes  having  engines  or  other  weight  con¬ 
centrations  outboard  of  the  fuselage.  For 
the  angular  acceleration  conditions,  it  shall  be 
acceptable  to  assume  zero  rolling  velocity  in  the 
absence  of  a  rational  time  history  investiga¬ 
tion  of  the  maneuver. 


(2)  At  speed  Va  >  sudden  deflection  of 
the  aileron  to  the  stop  shall  be  assumed. 

(3)  At  speed  Vc  the  aileron  deflection 
shall  be  that  required  to  produce  a  rate  of  roll 
not  less  than  that  obtained  in  condition  (2) 
of  this  paragraph. 

(4)  At  speed  Vd  the  aileron  deflection 
shall  be  that  required  to  produce  a  rate  of  roil 
not  lesr  than  one-third  of  that  in  condition  (2) 
of  this  paragraph. 

(b)  Unsgmmetrical  gusts.  The  condition 
of  unsymmetricai  gusts  shall  be  considered 
by  modifying  the  symmetrical  flight  conditions 
B'  or  C'  of  figure  4b-3,  whichever  produces  the 
greater  load  factor.  It  shall  be  assumed  that 
100  percent  of  the  wing  air  load  acts  on  one 
side  of  the  airplane,  and  80  percent  acts  on  the 
other  side. 

4b.215  Yawing  conditions.  The  airplane 
shall  be  designed  for  loads  resulting  from  the 
conditions  specified  in  paragraphs  (a)  and  (b) 
of  this  section.  Unbalanced  aerodynamic  mo¬ 
ments  about  the  center  of  gravity  shall  be 
reacted  in  a  rational  or  a  conservative  manner 
considering  the  principal  masses  furnishing 
the  reacting  inertia  forces. 

(a)  Maneuvering.  At  all  speeds  from  Vuc 
to  Va  the  following  maneuvers  shall  be  con¬ 
sidered.  In  computing  the  tail  loads  it  shall  be 
acceptable  to  assume  the  yawing  velocity  to  be 
zero. 

(1)  With  the  airplane  in  unaccelerated 
flight  at  zero  yaw,  it  shall  be  assumed  that  the 
rudder  control  is  suddenly  displaced  to  the 
maximum  deflection  as  limited  by  the  control 
stops  or  by  a  300  lb.  rudder  pedal  force,  which¬ 
ever  is  critical. 

(2)  With  the  rudder  deflected  as  specified 
in  subparagraph  (1)  of  this  paragraph  it  shall 
be  assumed  that  the  airplane  yaws  to  the 
resulting  sideslip  angle. 

(3)  With  the  airplane  yawed  to  the  static 
sideslip  angle  corresponding  with  the  rudder 
deflection  specified  in  subparagraph  (1)  of  this 
paragraph,  it  shall  be  assumed  that  the  rudder 
is  returned  to  neutral. 

(b)  Lateral  gusts.  The  airplane  shall  be 
assumed  to  encounter  derived  gusts  normal  to 
the  [flane  of  symmetry  while  in  unaccelerated 
flight.  The  derived  gusts  and  airplane  speeds 
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corresponding  with  conditions  B'  through  J'  on 
figure  4b-3  as  determined  by  sections  4b.21 1  (b) 
and  4b.212  (a)  (2)  or  section  4b.212  (b)  (2)  shall 
be  investigated.  The  shape  of  the  gust  shall 
be  as  specified  in  section  4b.211  (b).  In  the 
absence  of  a  rational  investigation  of  the  air¬ 
plane's  response  to  a  gust,  it  shall  be  acceptable 
to  compute  the  gust  loading  on  the  vertical  tail 
surfaces  by  the  following  formula: 

498 

where: 

vertical  tail  load  (lbs.); 

.SSfig. 

- =gust  alleviation  factor; 

5«0“r  Ml/ 

2W  /£Y=  lateral  mass  ratio; 

£/d,=derived  gust  velocity  (fps); 

p=air  density  (slugs/cu.  ft.); 
airplane  weight  (lbs.); 

S(=area  of -vertical  tail  (ft.^); 

Ci=mean  geometric  chord  of  vertical  sur¬ 
face  (ft.); 

a(=lift  curve  slope  of  vertical  tail  (per 
radian) ; 

K=radius  of  gyration  in  yaw  (ft.); 

fi=distance  from  airplane  c.  g.  to  lift 
center  of  vertical  surface  (ft.); 
acceleration  doe  to  gravity  (ft./sec.‘); 

F=  airplane  equivalent  speed  (knots). 
4b.216  Supplementary  flight  conditions. 

(a)  Engine  torque  effects .  Engine 
mounts  and  their  supporting  structures  shall 
be  designed  for  engine  torque  effects  combined 
with  basic  flight  conditions  as  described  in 
subparagraphs  (1)  through  (3)  of  this  para¬ 
graph.  The  limit  torque  shall  be  obtained  by 
multiplying  the  mean  torque  by  a  factor  of  1.33 
in  the  case  of  engines  having  5  or  more  cylin¬ 
ders.  For  4,  3,  and  2-cylinder  engines,  the 
factors  shall  be  2,  3,  and  4,  respectively.  For 
turbine  propeller  installations  the  limit  torque 
shall  be  obtained  by  multiplying  the  mean 
torque  by  a  factor  of  1.25. 

(1)  The  limit  torque  corresponding  with 
take-off  power  and  propeller  speed  shall  act 
simultaneously  with  75  percent  of  the  limit 
loads  from  flight  condition  A  (see  fig.  4b-2). 


(2)  The  limit  torque  corresponding  with 
maximum  continuous  power  and  propeller  speed 
shall  act  simultaneously  with  the  limit  loads 
from  flight  condition  A  (see  fig.  4b-2). 

(3)  For  turbine  propeller  installations,  in 
addition  to  the  conditions  specified  in  sub- 
paragraphs  (1)  and  (2)  of  this  paragraph,  the 
limit  torque  corresponding  with  takeoff  power 
and  propeller  speed  multiplied  by  a  factor  of 
1.6  shall  be  considered  to  act  simultaneously 
with  Ig  level  flight  loads. 

(4)  For  turbine  engine  installations,  the 
limit  torque  load  imposed  by  sudden  engine 
stoppage  due  to  malfunction  or  structural 
failure  (e.  g.,  compressor  jam-up)  shall  be 
considered  in  the  design  of  the  engine  mounts 
and  supporting  structure. 

(b)  Side  load  on  engine  mount.  The 
limit  load  factor  in  a  lateral  direction  for  this 
condition  shall  be  equal  to  the  maximum 
obtained  in  the  yawing  conditions,  but  shall 
not  be  less  than  either  1.33  or  one-third  the 
limit  load  factor  for  flight  condition  A  (see  fig. 
4b-2).  Engine  mounts  and  their  supporting 
structure  shall  be  designed  for  this  condition 
which  may  be  assumed  independent  of  other 
flight  conditions. 

(c)  Pressurized  cabin  loads.  When  pres¬ 
surized  compartments  are  provided  for  the 
occupants  of  the  airplane,  the  following  require¬ 
ments  shall  be  met.  (See  sec.  4b.373.) 

(1)  The  airplane  structure  shall  have 
sufficient  strength  to  withstand  the  flight  loads 
combined  with  pressure  differential  loads  from 
zero  up  to  the  maximum  relief  valve  setting. 
Account  shall  be  taken  of  the  external  pressure 
distribution  in  flight.  Stress  concentration 
and  fatigue  effects  shall  be  accounted  for  in 
the  design  of  pressure  cabins  (see  sec.  4b.270). 

(2)  If  landings  are  to  be  permitted  with 
the  cabin  pressurized,  landing  loads  shall  be 
combined  with  pressure  differential  loads  from 
zero  up  to  the  maximum  to  be  permitted  during 
landing. 

(3;  The  airplane  structure  shall  have 
sufficient  strength  to  withstand  the  pressure 
differential  loads  corresponding  with  the  maxi¬ 
mum  relief  valve  setting  multiplied  by  a  factor 
of  1.33.  It  shall  be  acceptable  to  omit  all  other 
loads  in  this  case. 
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[(4)  Where  a  pressurized  cabin  is  separated 
into  two  or  more  compartments  by  partitions, 
bulkheads,  or  floors,  the  structure  supporting 
the  prescribed  flight  and  ground  loads  and  other 
structure  the  failure  of  which  could  interfere 
with  continued  safe  flight  and  landing  of  the 
idrplane,  shall  be  designed  to  withstand  the 
effects  of  sudden  release  of  pressure  in  any 
compartment  through  an  opening  resulting 
from  the  failure  or  penetration  of  an  external 
door,  window,  or  windshield  panel,  or  from 
structural  fatigue  or  penetration  of  the  fuselage 
in  such  compartment  unless  it  is  shown  that  the 
probability  of  failure  or  penetration  is  extremely 
remote.  In  determining  the  probability  of 
faUure  or  penetration  and  probable  size  of 
openings,  it  shall  be  acceptable  to  take  into 
account  fail-safe  features  of  the  design,  pro¬ 
vided  possible  improper  operation  of  closure 
devices  and  inadvertent  door  openings  are  also 
taken  into  account.  It  shall  be  acceptable  to 
take  into  account  pressure  relief  provided  by 
intercompartment  venting.  It  can  be  assumed 
that  parts  of  the  airplane,  other  than  the  struc¬ 
ture  specified  in  this  paragraph,  may  be 
damaged,  in  which  case  reasonable  design 
precautions  shall  be  taken  to  minimize  the 
probability  of  parts  becoming  detached  which 
may  injure  occupants  while  in  their  seats. 

[Note:  The  aforementioned  precautions  might  in¬ 
clude,  for  example,  designing  internal  doors  so  that 
they  will  remain  attached  to  supporting  structure  even 
though  forced  open  by  differential  pressure. 

[(d)  Unsymmetrical  loads  due  to  engine 
failure.  The  airplane  shall  be  designed  for 
the  unsymmetrical  loads  resulting  from  the 
failure  of  the  critical  engine.  Turbopropeller 
airplanes  shall  be  designed  for  the  conditions 
prescribed  in  subparagraphs  (1)  through  (4)  of 
this  paragraph  in  combination  with  a  single 
malfunction  of  the  propeller  drag  limiting  sys¬ 
tem  (see  sec.  4b.408),  taking  into  account  the 
probable  pilot  corrective  action  on  the  flight 
controls. 

[(1)  At  all  speeds  between  Fvc  and  Vd, 
the  loads  resulting  from  engine  power  failure 
due  to  fuel  flow  interruption  shall  be  considered 
as  limit  loads. 

[(2)  At  all  speeds  between  V^c  and  Vc, 
the  loads  resulting  from  the  disconnection  of 
the  engine  compressor  from  the  turbine  or 


from  loss  of  the  turbine  blades  shall  be  con¬ 
sidered  as  ultimate  loads. 

[(3)  The  time  history  of  the  thrust  decay 
and  drag  build-up  occurring  as  a  result  of  the 
prescribed  engine  failures  shall  be  substan¬ 
tiated  by  test  or  other  data  applicable  to  the 
particular  engine-propeller  combination. 

[(4)  The  timing  and  magnitude  of  the  prob¬ 
able  pilot  corrective  action  shall  be  conserva¬ 
tively  estimated,  considering  the  characteristics 
of  the  particular  engine-propeller-airplane 
combination. 

[Note:  It  may  be  assumed  that  pilot  corrective 
action  will  be  initiated  at  the  time  maximum  yawing 
velocity  is  attained,  but  not  earlier  than  two  seconds 
after  the  engine  failure.  The  magnitude  of  the  correc¬ 
tive  action  may  be  based  on  the  control  forces  specified 
in  section  4b.220(a)(l),  except  that  lower  forces  may  be 
assumed  where  it  is  shown  by  analysis  or  test  that  such 
forces  will  be  sufficient  to  control  the  yaw  and  roll 
resulting  from  the  prescribed  engine  failure  conditions.  J 

(e)  Gyroscopic  loads.  The  structure  sup¬ 
porting  the  engines  shall  be  designed  for  gyro¬ 
scopic  loads  associated  with  the  conditions 
specified  in  sections  4b.213  through  4b.215 
with  the  engines  operating  at  maximum  con¬ 
tinuous  rpm. 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 

4b.217  Speed  control  devices.  When 
speed  control  devices  (e.g.,  spoilers,  drag  flaps, 
etc.)  are  incorporated  for  use  in  en  route  condi¬ 
tions,  the  following  conditions  shall  apply: 

(a)  The  airplane  shall  be  designed  for  the 
symmetrical  maneuvers  and  gusts  prescribed 
in  section  4b.211  and  the  yawing  maneuvers 
and  lateral  gusts  in  section  4b.215  with  the 
device  extended  at  all  speeds  up  to  the  placard 
device  extended  speed. 

(b)  When  the  speed  control  device  incor¬ 
porates  automatic  operation  or  load  limiting 
features,  the  airplane  shall  be  designed  for 
the  maneuver  and  gust  conditions  prescribed 
in  paragraph  (a)  of  this  section,  at  the  speeds 
and  corresponding  device  positions  which  the 
mechanism  permits. 

Control  Surface  and  System  Loads 

4b.220  Control  surface  loads;  general. 
The  control  surfaces  shall  be  designed  for  the 
limit  loads  resulting  from  the  flight  conditions 
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prescribed  in  sections  4b.213  tiirough  4b.215 
and  the  ground  gust  conditions  prescribed  in 
section  4b.226,  taking  into  account  the  prori- 
sions  of  paragraphs  (a)  through  (e)  of  this  sec¬ 
tion. 

(a)  Effect  of  pilot  effort. 

(1)  In  the  control  surface  flight  loading 
conditions  the  air  loads  on  the  movable  surfaces 
and  the  corresponding  deflections  need  not 
exceed  those  wUch  could  be  obtained  in  flight 
by  employing  the  maximum  pilot  control  forces 
specified  in  figure  4b-5,  except  that  two-thirds 
of  the  maximum  values  specified  for  the  aileron 
and  elevator  shall  be  acceptable  when  control 
surface  hinge  moments  are  based  on  reliable 
data.  In  applying  this  criterion,  proper  con¬ 
sideration  shall  be  given  to  the  effects  of  servo 
mechanisms,  tabs,  and  automatic  pilot  systems 
in  assisting  the  pilot. 

(b)  Effect  of  trim  tabs.  The  effect  of 
trim  tabs  on  the  main  control  surface  design 
conditions  need  be  taken  into  account  only  in 
cases  where  the  surface  loads  are  limited  by 
pilot  effort  in  accordance  with  the  provisions  of 
paragraph  (a)  of  this  section.  In  such  cases 
the  trim  tabs  shall  be  considered  to  be  deflected 
in  the  direction  which  would  assist  the  pilot, 
and  the  deflection  shall  be  as  follows: 

(1)  For  elevator  trim  tabs  the  deflections 
shall  be  those  required  to  trim  the  airplane  at 
any  point  within  the  positive  portion  of  the  F-n 
diagram  (fig.  4b-2),  except  as  limited  by  the 
stops. 

(2)  For  aileron  and  rudder  trim  tabs  the 
deflections  shall  lie  those  required  to  trim  the 
airplane  in  the  critical  nnsymmetricsl  power 
and  loading  conditions,  with  appropriate  allow¬ 
ance  for  rigging  tolerances. 

(c)  Vnsymmetrical  loads.  Horizontal  tail 
surfaces  and  the  supporting  structure  shall  be 
designed  for  unsymmetrical  loads  arising  from 
yawing  and  slipstream  effects  in  combination 
with  the  prescribed  flight  conditions. 

Note:  In  th«  absence  of  more  rational  data,  the 
following  assumptions  may  be  made  for  airplanes  which 
are  conTentionai  in  regard  to  location  of  propellers, 
wings,  taH  surfaces,  and  fuselage  shape:  100  percent 
of  the  maximum  loading  from  the  symmetrical  flight 
conditions  acting  on  the  surface  on  one  side  of  the  plane 
of  symmetry  and  80  percent  of  this  loading  on  the  other 
side.  Where  the  design  is  not  conventional  (e.  g., 
where  the  horixontal  tail  surfaces  have  appreciable 


dihedral  or  are  supported  by  the  vertical  tail  surfaces), 
the  surfaces  and  supporting  structures  may  be  de¬ 
signed  for  combined  vertical  and  horizontal  surface 
loads  resulting  from  the  prescribed  maneuvers. 

(d)  Outboard  dns. 

(1)  When  outboard  fins  are  carried  on  the 
horizontal  tail  surface,  the  tail  surfaces  shall  be 
designed  for  the  maximum  horizontal  surface 
load  in  combination  with  the  corresponding 
loads  induced  on  the  vertical  surfaces  by  end 
plate  effects.  Such  induced  effects  need  not 
be  combined  with  other  vertical  surface  loads. 

(2)  To  provide  for  unsymmetrical  loading 
when  outboard  fins  extend  above  and  below 
the  horizontal  surface,  the  critical  vertical  sur¬ 
face  loading  (load  per  unit  area)  as  determined 
by  the  provisions  of  this  section  shall  also  be 
applied  as  follows: 

(i)  100  percent  to  the  area  of  the  vertical 
surfaces  above  (or  below)  the  horizontal  sur¬ 
face,  and 

(ii)  80  percent  to  the  area  below  (or 
above)  the  horizontal  surface. 

(e)  Loads  parallel  to  hinge  line.  Control 
surfaces  and  supporting  hinge  brackets  shall  be 
designed  for  inertia  loads  acting  parallel  to  the 
hinge  line. 

Note:  in  lieu  of  a  more  rational  analysis  the  inertia 
loads  may  be  assumed  to  be  equal  to  KW,  where : 

K=24  for  vertical  surfaces. 

K=12  for  horizontal  surfaces. 

weight  of  the  movable  surfaces. 

[4b.221  Wing  Haps.  Wing  flaps  and  their 
supporting  structure  and  operating  mechanism 
shall  be  designed  for  the  critical  loads  resulting 
from  the  conditions  prescribed  in  section  4b.212, 
taking  into  account  the  loads  occurring  during 
transition  from  one  flap  position  and  airspeed 
to  another .J 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 

4b.222  Tabs.  The  following  shall  apply  to 
tabs  and  their  installations: 

(a)  Trimming  tabs.  Trimming  tabs  shall 
be  designed  to  withstand  loads  arising  from  all 
likely  combinations  of  tab  setting,  primary  con¬ 
trol  position,  and  airplane  speed,  obtainable 
without  exceeding  the  flight  load  conditions  pre¬ 
scribed  for  the  airplane  as  a  whole,  when  the 
effect  of  the  tab  is  being  opposed  by  pilot  effort 
loads  up  to  those  specified  in  section  4b.220  (a). 
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(b)  Balancing  tabs.  Balancing  tabs  shall 
b«  designed  for  deflections  consistent  with  the 
primary  control  surface  loading  conditions. 

(c)  Servo  tabs.  Servo  tabs  shall  be  de¬ 
signed  for  all  deflections  consistent  with  the 
primary  control  surface  loading  conditions 
achievable  within  the  pilot  maneuvering  ef¬ 
fort  (see  sec.  4b.220  (a))  with  due  regard  to 
possible  opposition  from  the  trim  tabs. 

4b.223  Special  devices.  The  loading  for 
special  devices  employing  aerodynamic  sur¬ 
faces,  such  as  slots  and  spoilers,  shall  be  based 
on  test  data. 

4b.224  Primary  flight  control  systems. 
Elevator,  aileron,  and  rudder  control  systems 
and  their  supporting  structures  shaii  be  de¬ 
signed  for  loads  corresponding  with  125  percent 
of  the  computed  hinge  moments  of  the  movable 
control  surface  in  the  conditions  prescribed  in 
section  4b.220,  subject  to  the  following  pro¬ 
visions: 

(a)  The  system  limit  loads,  except  the  loads 
resulting  from  ground  gusts  (sec.  4b.226),  need 
not  exceed  those  which  can  be  produced  by  the 
pilot  or  pUots  and  by  automatic  devices  operat¬ 
ing  the  controls.  Acceptable  maximum  and 
minimum  pilot  loads  for  elevator,  aileron,.and 
rodder  controls  are  shown  in  figure  4b-5. 
These  pilot  loads  shall  be  assumed  to  act  at  the 
appropriate  control  grips  or  pads  in  a  manner 
simulating  flight  conditions  and  to  be  reacted  at 
the  attachment  of  the  control  system  to  the  con¬ 
trol  surface  horn. 

(b)  The  loads  shall  in  any  case  be  sufficient 
to  provide  a  rugged  system  for  service  use,  in¬ 
cluding  considerations  of  jamming,  ground 
gusts,  taxiing  tail  to  wind,  control  inertia,  and 
friction. 

4b.225  Dual  primary  flight  control  sys¬ 
tems. 

(a)  When  dual  controls  are  provided,  the 
system  shall  be  designed  for  the  pilots  operat¬ 
ing  in  opposition,  using  individual  pilot  loads 
equal  to  75  percent  of  those  obtained  in  ac¬ 
cordance  with  section  4b.224,  except  that  the 
individual  pilot  loads  shall  not  be  less  than  the 
minimum  loads  specified  in  figure  4b-5. 

(b)  The  control  system  shall  be  designed  for 
the  pilots  acting  in  conjunction,  using  individual 
pilot  loads  equal  to  75  percent  of  those  obtained 
in  accordance  with  section  4b.224. 


4b.226  Ground  gust  conditions.  The 
following  conditions  intended  to  simulate  the 
loadings  on  control  surfaces  due  to  ground 
gusts  and  when  taxiing  downwind  shall  be 
investigated: 

(a)  The  control  system  between  the  stops 
nearest  the  surfaces  and  the  cockpit  controls 
shall  be  designed  for  loads  corresponding  with 
the  limit  hinge  moments  H  of  paragraph  (b)  of 
this  section,  except  that  these  loads  need  not 
exceed  those  corresponding  with  the  maxima 
of  figure  4b-5  for  each  pilot  alone,  or  with  75 
percent  of  these  maxima  for  each  pilot  when 
the  pilots  act  in  conjunction. 

(b)  The  control  system  stops  nearest  the 
surfaces,  the  control  system  locks,  and  the  por¬ 
tions  of  the  systems,  if  any,  between  such  stops 
and  locks  and  the  control  surface  horns  shall  be 
designed  for  limit  hinge  moments  H  obtained 
from  the  following  formula: 

H=KcSq, 

where: 

limit  hinge  moment  (ft.  lbs.), 
c=mean  chord  of  the  control  surface  aft 
of  the  hinge  line  (ft.), 

S=:area  of  the  control  surface  aft  of  the 
hinge  line  (sq.  ft.), 

9= dynamic  pressure  (p.  s.  f.)  based  on 
a  design  speed  not  less  than 
l0^fW|S+10  (m.  p.  h.),  except  that 
the  design  speed  need  not  exceed 
60  m.  p.  h., 

K= factor  as  specified  in  figure  4b-4. 

4b.227  Secondary  control  systems.  Sec¬ 
ondary  controls,  such  as  wheel  brake,  spoiler, 
and  tab  controls,  shall  be  designed  for  the 
loads  based  on  the  maximum  which  a  pilot  is 
likely  to  apply  to  the  control  in  question.  The 
values  of  figure  4b-6  are  considered  acceptable. 


Surface 

K 

Position  of  controls 

(a)  Aileron _  , 

(b)  Aileron _ 

Elevator _ 

Rudder _ i 

0.75 

*±0.50 

*±0.75 

0.75 

Control  column  locked  or 
lashed  in  mid-position. 
Ailerons  at  full  throw. 

/(c)  Elevator  full  down. 

1(d)  Elevator  full  up. 

/  (e)  Rudder  in  neutral. 

\(f)  Rudder  at  full  throw. 

positive  value  of  K  indicates  a  moment  tending  to 
depress  the  surface,  while  a  negative  value  of  K  indi¬ 
cates  a  moment  tending  to  raise  the  surface. 


Figure  4b-4. — Limit  hinge  moment  factor  for  ground 
gusts. 
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(Limit  piiot  loads  (one  pilot)  | 


Control  j 

Maximum  load 

Minimum  load 

Aileron: 

Stick- . . 

100  lbs _ 

40  lbs. 

Wheel* _ 

80  D  in.  Iba.**- . 

40  D  in.  lbs. 

Elevator: 

! 

1 

Stick . . 

1  250  lbs _ 

i  100  lbs. 

Wheel. . . 

300  lbs _ 1 

'  100  lbs. 

Rudder _ 

1 

300  lbs _ 

'  1 

130  lbs. 

*Tlie  critical  portions  of  the  aileron  control  system 
shall  be  designed  for  a  single  tangential  force  having  a 
limit  value  equal  to  1.25  times  the  couple  force  deter¬ 
mined  from  these  criteria. 

*♦!>= wheel  diameter. 


Figure  4b-5. — Pilot  control  force  limits  (primary 
controls). 


Control  j 

Limit  pilot  loads 

Miscellaneous:  *Crank 

^-*X50  lbs.,  but  not  less 

wheel  or  lever. 

^  than  50  lbs.  nor 

more  than  150  ibs. 
(R= radius). 

(Applicable  to  any  angle  with¬ 
in  20°  of  plane  of  control.) 

Twist . 

133  in.  Ibs. 

Push-pull . 

To  be  chosen  by  applicant. 

*Liniited  to  flap,  tab,  stabilizer,  spoiler,  and  landing 
gear  operating  controls. 

Figure  4b-6. — Pilot  control  force  limits  (secondary 
controls). 

Ground  Loads 

4b.230  General.  The  limit  loads  obtained 
in  the  conditions  specified  in  sections  4b.231 
throngh  4b.236  shall  be  considered  as  external 
forces  applied  to  the  airplane  structure  and 
shaU  be  placed  in  equilibrium  by  linear  and 
angular  inertia  forces  in  a  rational  or  conserTa- 
five  manner.  In  applying  the  specified  con¬ 
ditions  the  provisions  of  paragraph  (a)  of  this 
section  shall  be  complied  with.  In  addition, 
for  the  landing  conditions  of  sections  4b.231 
throngh  4b.234  the  airplane  shall  be  assumed 
to  be  subjected  to  forces  and  descent  velocities 
prescribed  in  paragraph  (b)  of  this  section. 
(The  bacdc  landing  gear  dimensional  data  are 
given  in  figure  4b-7.) 

(a)  Center  of  gravity  positions.  The 
critical  center  of  gravity  positions  vnthin  tiie 
certification  limits  shall  be  selected  so  that  the 
maximum  dedgn  loads  in  each  of  the  landing 


gear  elements  are  obtained  in  the  landing  and 
the  ground  handling  conditions. 

(b)  Load  factors,  descent  velocities,  and 
design  weights  tor  landing  conditions. 

(1)  In  the  landing  conditions  the  limit 
vertical  inertia  load  factors  at  the  center  of 
gravity  of  the  airplane  shall  be  chos^*  the 
applicant,  except  that  they  shall  noi  .e  less 
than  the  values  which  would  be  obtained  in 
the  attitude  and  subject  to  the  drag  loads  as¬ 
sociated  with  the  particular  landing  condition, 
and  with  the  foUowing  limit  descent  velocities 
and  weights: 

(i)  10  f.  p.  s.  at  the  design  landing 
weight,  and 

(ii)  6  f.  p.  s.  at  the  design  takeoff 

weight. 

(2)  It  shall  be  acceptable  to  assume  a 
wing  lift  not  exceeding  the  airplane  weight  to 
exist  throughout  the  landing  impact  and  to  act 
through  the  center  of  gravity  of  the  airplane. 

(3)  The  provisions  of  subparagraphs  (1) 
and  (2)  of  this  paragraph  shall  be  predicated 
on  conventional  arrangements  of  main  and 
nose  gears,  or  main  and  tail  gears,  and  on  nor¬ 
mal  operating  techniques.  It  shall  be  accept¬ 
able  to  modify  the  prescribed  descent  velocities 
if  it  is  shown  that  the  airplane  embodies 
features  of  design  which  make  it  impossible  to 
develop  these  velocities.  (See  sec.  4b.332  (a) 
for  requirements  on  energy  absmiition  tests 
which  determine  the  minimum  limit  inertia 
load  factors  corresponding  with  the  required 
limit  descent  velocities.) 

4b.231  Level  landing  conditions. 

(a)  General.  In  the  level  attitude  the  air¬ 
plane  shall  be  assumed  to  contact  the  ground  at 
forward  velocity  components  parallel  to  the 
ground  ranging  from  Vli  to  1.25  Vli  and  shall 
be  assumed  to  be  subjected  to  the  load  factors 
prescribed  in  section  4b.230  (b)  (1)  where  Fl, 
is  equal  to  V»o  (TAS)  at  the  appropriate  landing 
weight  and  in  standard  sea  level  conditions  and 
where  Ft,  is  equal  to  Fg,  (TAS)  at  the  appropri¬ 
ate  landing  weight  and  altitudes  in  a  hot  day 
temperature  of  41°  F.  above  standard.  When 
approval  of  landings  downwind  exceeding  10 
mph  is  sought,  the  effect  of  increased  contact 
speeds  shall  be  investigated.  The  following 
three  combinations  of  vertical  and  drag  com- 
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pooents  shall  be  considered  acting  at  the  axle 
center  line: 

(1)  Condition  of  maximum  wheel  »pin- 
up  load.  Drag  components  simnlating  the 
fmces  required  to  accelerate  the  wheel  rolling 
assembly  up  to  the  specified  ground  speed  shall 
be  combined  with  the  vertical  ground  reactions 
existing  at  the  instant  of  peak  drag  loads.  It 
shall  be  acceptable  to  establish  the  coefficient 
of  friction  between  the  tires  and  the  ground 
by  considering  the  effects  of  skidding  velocity 
and  tire  pressure,  except  that  it  need  not  be 
greater  than  0.8.  It  shall  be  acceptable  to 
apply  this  condition  only  to  the  landing  geaf^ 
directly  affected  attaching  structure,  and  large 
mass  items;  i.  e.,  external  fuel  tanks,  nacelles, 
etc. 

(2)  Condition  of  maximum  wheel  ver¬ 
tical  load.  An  aft  acting  drag  component  not 
less  than  25  percent  of  the  maximum  vertical 
ground  reaction  shall  be  combined  with  the 
maximum  ground  reaction  of  section  4b.230  (b). 

(3)  Condition  of  maximum  spring- 
hack  load.  Fm-ward -acting  horizontal  loads 
resulting  from  a  rapid  reduction  of  the  spin-up 
drag  loads  shall  be  combined  with  the  vertical 
ground  reactions  at  the  instant  of  the  peak 
forward  load.  It  shall  be  acceptable  to  apply 
this  condition  only  to  the  landing  gear,  directly 


affected  attaching  structure,  and  large  mass 
items;  i.  e.,  external  fuel  tanks,  nacelles,  etc. 

(b)  Level  landing;  tail- wheel  type.  The 
airplane  horizontal  reference  line  shall  be  as¬ 
sumed  to  be  horizontal.  The  conditions  speci¬ 
fied  in  paragraph  (a)  of  this  section  shall  be 
investigated.  (See  fig.  4b-8.) 

(c)  Level  landing:  nose-wheel  type.  The 
following  airplane  attitudes  shall  be  considered : 
(See  fig.  4b-8.) 

(1)  Main  wheels  shall  be  assumed  to  con¬ 
tact  the  ground  with  the  nose  wheel  just  clear 
of  the  ground.  The  conditions  specified  in 
paragraph  (a)  of  this  section  shall  be  investi¬ 
gated. 

(2)  Nose  and  main  wheels  shall  be  as¬ 
sumed  to  contact  the  ground  simultaneously. 
Conditions  in  this  attitude  need  not  be  investi¬ 
gated  if  this  attitude  cannot  reasonably  be 
attained  at  the  specified  descent  and  forward 
velocities.  The  conditions  specified  in  para¬ 
graph  (a)  of  this  section  shall  be  investigated, 
except  that  in  conditions  (a)  (1)  and  (a)  (3)  it 
shall  be  acceptable  to  investigate  the  nose  and 
main  gear  separately  neglecting  the  pitching 
moments  due  to  wheel  spin-up  and  spring-back 
loads,  while  in  condition  (a)  (2)  the  pitching 
moment  shall  be  assumed  to  be  resisted  by  the 
nose  gear. 
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4b.232  Tail-down  landing  condition*. 
In  the  conditions  of  paragraphs  (a)  and  (b)  of 
this  section  the  airplane  shall  be  assumed  to 
contact  the  ground  at  forward  velocity  com¬ 
ponents  parallel  to  the  ground,  ranging  from 
Vh  to  Fxt,  where  Vli  and  Vl,  are  as  indicated 
in  section  4b.231  (a).  The  load  factors  pre¬ 
scribed  in  section  4b.230  (b)  (1)  shall  apply. 
The  combination  of  vertical  and  drag  com¬ 
ponents  specified  in  sections  4b.231  (a)  (1)  and 
4b.231  (a)  (3)  shall  be  considered  acting  at  the 
main  wheel  axle  centerline. 

(a)  Tail-wheel  type.  The  main  and  tul 
wheels  shall  he  assumed  to  contact  the  ground 
simultaneously.  (See  fig.  4h-9.)  Two  condi¬ 
tions  of  ground  reaction  on  the  tail  wheel  shall 
be  assumed  to  act  in  the  following  directions: 

(1)  Vertical, 

(2)  Up  and  aft  through  the  axle  at  45*^  to 
the  ground  line. 

(b)  Nose- wheel  type.  The  airplane  shall 
be  assumed  to  be  at  an  attitude  corresponding 
with  either  the  stalling  angle  or  the  maximum 
angle  permitting  clearance  with  the  ground  by 
all  parts  of  the  airplane  other  than  the  main 
wheels,  whichever  is  the  lesser.  (See  fig. 
4h-9.) 

4b.233  One-wheel  landing  condition. 
The  main  landing  gear  on  one  side  of  the  air¬ 
plane  centerUne  shall  be  assumed  to  contact 
the  ground  in  the  level  attitude.  (See  fig. 
4b-10.)  The  ground  reactions  on  this  side 
shall  be  the  same  as  those  obtained  in  section 
4b.231  (a)  (2).  The  unbalanced  external  loads 
shall  be  reacted  by  inertia  of  the  airplane  in  a 
rational  or  conservative  manner. 

4b.234  Lateral  drift  landing  condition. 

(a)  The  airplane  shall  be  assumed  to  be  in 
the  level  attitude  with  only  the  main  wheels 
contacting  the  ground.  (See  fig.  4b-ll.) 

(b)  Side  loads  of  0.8  of  the  vertical  reaction 
(on  one  side)  acting  inward  and  0.6  of  the 
vertical  reaction  (on  the  other  side)  acting  out¬ 
ward  shall  be  combined  with  one-half  of  the 
maximum  vertical  ground  reactions  obtained 
in  the  level  landing  conditions.  These  loads 
shall  be  assumed  to  be  applied  at  the  ground 
contact  point  and  to  be  resisted  by  the  inertia 
of  the  airpl^e.  It  shall  be  acceptable  to 
assume  the  drag  loads  to  be  zero. 


4b.234a  Rebound  landing  condition. 
The  landing  gear  and  its  supporting  structure 
shall  be  investigated  for  the  loads  occurring 
during  rebound  of  the  airplane  from  the  landing 
surface.  With  the  landing  gear  fully  extended 
and  not  in  contact  with  the  ground,  a  load 
factor  of  20.0  shall  act  on  the  unsprung  weights 
of  the  landing  gear.  This  load  factor  shall  act 
in  the  direction  of  motion  of  the  unsprung 
weights  as  they  reach  their  limiting  positions 
in  extending  with  relation  to  the  sprung  portions 
of  the  landing  gear. 

4b.235  Ground  handling  condition*. 
The  landing  gear  and  airplane  structure  shall 
be  investigated  for  the  conditions  of  this  section 
with  the  airplane  at  the  design  takeoff  weight, 
unless  otherwise  prescribed.  No  wing  lift 
shall  be  considered.  It  shall  be  acceptable 
to  assume  the  shock  absorbers  and  tires  to 
be  deflected  to  their  static  position.  In  the 
conditions  of  [paragraphs  (b)  (1)  and  (2),  and 
(6)(3),]  it  shall  be  acceptable  to  use  a  drag 
reaction  lower  than  prescribed  therein  if  it  is 
substantiated  that  an  effective  drag  force  of  0.8 
times  the  vertical  reaction  cannot  be  attained 
under  any  likely  loading  condition. 

(a)  Takeoff  run.  The  landing  gear  and 
the  airplane  structure  shall  be  assumed  to 
be  subjected  to  loads  not  less  than  those 
encountered  under  conditions  described  in 
section  4b.  172. 

(b)  Braked  roll. 

(1)  Tail-wheel  type.  The  airplane  shall 
be  assumed  to  be  in  the  level  attitude  with  all 
load  on  the  main  wheels.  The  limit  vertical 
load  factor  shall  be  1.2  for  the  airplane  at  the 
design  landing  weight,  and  1.0  for  the  airplane 
at  the  design  takeoff  weight.  A  drag  reaction 
equal  to  the  vertical  reaction  multiplied  by  a 
coefficient  of  friction  of  0.8  shall  be  combined 
with  the  vertical  ground  reaction  and  applied 
at  the  ground  contact  point.  (See  fig.  4b-12.) 

(2)  Nose- wheel  type.  The  limit  vertical 
load  factor  shall  be  1.2  for  the  airplane  at 
the  design  landing  weight,  and  1.0  for  the 
airplane  at  the  design  takeoff  weight.  A 
drag  reaction  equal  to  the  vertical  reaction 
multiplied  by  a  coefficient  friction  of  0.8  shall 
be  combined  with  the  vertical  reaction  and 
applied  at  the  ground  contact  point  of  each 
wheel  having  brakes.  The  following  two  air- 
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TAIL  WHEEL  TYPE 


NOSE  WHEEL  TYPE 

Ftfure  4b-9. — Tail  down  landing. 


plane  attitudes  shall  be  considered:  (See 
fig.  4b-12.) 

(i)  The  airplane  shall  be  assumed  to 
be  in  level  attitude  with  all  wheels  contacting 
the  ground  and  the  loads  distributed  between 
the  main  and  nose  gear.  Zero  pitching  ac¬ 
celeration  shall  be  assumed. 

(ii)  The  airplane  shall  be  assumed  to 
be  in  the  level  attitude  with  only  the  main  gear 
contacting  the  ground  and  the  pitching  moment 
resisted  by  angular  acceleration. 

(c)  Turning.  The  airplane  in  the  static 
position  shall  be  assumed  to  execute  a  steady 
turn  by  nose  gear  steering  or  by  application  of 
differential  power  such  that  the  limit  load 
factors  applied  at  the  center  of  gravity  are  1.0 
vertically  and  0.5  laterally.  (See  fig.  4l>-13.) 
The  side  ground  reaction  of  each  wheel  shall 
be  0.5  of  the  vertical  reaction. 

(d)  Pivoting.  The  airplane  shall  be  as¬ 
sumed  to  pivot  about  one  side  of  the  main  gear, 
the  brakes  on  that  side  being  locked.  The 
limit  vertical  load  factor  shall  be  1.0  and  the 
coeflBcient  of  friction  0.8.  The  airplane  shall 
be  assumed  to  be  in  static  equilibrium,  the 
loads  being  applied  at  the  ground  contact 
points.  (See  fig.  4h-14.) 


(e)  Nose-wheel  yawing. 

(1)  A  vertical  load  factor  of  1.0  at  the 
airplane  center  of  gravity  and  a  side  component 
at  the  nose  wheel  ground  contact  equal  to  0.8 
of  the  vertical  ground  reaction  at  that  point 
shall  be  assumed. 

(2)  [It  shall  be  acceptable  to  apply  the 
conditions  of  this  subparagraph  to  the  design  of 
only  the  nose  gear,  its  attaching  structure,  and 
the  fuselage  structure.]  The  airplane  shall  be 
assumed  to  be  in  static  equilibrium  with  the 
loads  resulting  from  the  application  of  the 
brakes  on  one  side  of  the  main  gear.  The 
vertical  load  factor  at  the  center  of  gravity  shall 
be  1 .0.  The  forward  acting  load  at  the  airplane 
center  of  gravity  shall  be  0.8  times  the  vertical 
load  on  one  main  gear.  The  side  and  vertical 
loads  at  the  ground  contact  point  on  the  nose 
gear  shall  be  those  required  for  static  equilib¬ 
rium.  The  side  load  factor  at  the  airplane 
center  of  gravity  shall  be  assumed  to  be  zero. 
Where  this  condition  results  in  a  nose  gear  side 
load  in  excess  of  0.8  times  the  vertical  nose  gear 
load,  it  shall  be  acceptable  to  limit  the  design 
nose  gear  side  load  to  0.8  times  the  vertical 
load  with  the  unbalanced  yawing  moments 
assumed  to  be  resisted  by  aircraft  inertia 
forces. 
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NOSE  OR  TAIL  WHEEL  TYPE 

Figure  4b-10.— One  wheel  lending. 


SINGLE  WHEEL  LOAD 
FROM  2  WHEEL  LEVEL 

landing  condition. 


L40Vm 


2Vm-H.Q  W 


0.80  Vn 


0.60V. 


NOSE  sear  ground  REACTION  -0 

nose  or  tail  wheel  type  airplane  in  level  altitude 

Figure  4b-ll.— Lateral  drift  landing. 


thA.  iFlw-  8«*»ii8ragraph  shaU  apply  to 
e  landing  gear  and  airplane  stractnre.  The 
loading  conditions  shaU  be  those  prescribed  in 

the  forward  acting  load  at  the  center  of  parity 


onp‘!.r®^  ®«eed  the  maximum  drag  reaction  on 
thp  inT  I  determined  in  accordance  with 
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T-HCRTIA  FORCe  NCCCSSAITV  TO  BALANCe  THE  MteEt  0fU6 
•  *0  UNLESS  NOSE  WHEEL  IS  EOLBRREO  WITH  BRAKES. 

FOR  OCSIRN  OF  MAM  GEAR  Vn  *0 
FOR  DESIGN  OF  NOSE  GEAR  I  *0 


THE  AMPLANC  MCRTIA  FACTORS  AT 
CENTER  OF  GRAVITY  ARE  COMPUTELY 
balanced  BY  THE  VA1EEL  REACTIONS 


(f)  Tail- wheel  yawing. 

(1)  A  vertical  ground  reaction  equal  to  the 
static  load  on  the  tail  wheel  in  combination 
with  a  side  component  of  equal  magnitude  shall 
be  assumed. 

(2)  When  a  swivel  is  provided,  the  tail 
wheel  shall  be  assumed  to  be  swiveled  90°  to 
the  airplane  longitudinal  axis  with  the  resultant 
load  passing  through  the  axle.  When  a  lock, 
steering  device,  or  shimmy  damper  is  provided, 
the  tail  wheel  shall  also  be  assumed  to  be  in 
the  trailing  position  with  the  side  load  acting 
at  the  ground  contact  point. 

(g)  Reversed  braking.  The  airplane  shall 
be  in  a  three  point  static  ground  attitude. 
Horizontal  reactions  parallel  to  the  ground  and 
directed  forward  shall  be  applied  at  the  ground 
contact  point  of  each  wheel  equipped  with 
brakes.  The  limit  loads  shall  be  equal  either 
to  0.55  times  the  vertical  load  at  each  wheel 
or  to  the  load  developed  by  1.2  times  the 
nominal  maximum  static  brake  torque,  which¬ 
ever  is  the  lesser.  For  nose- wheel  types,  the 


pitching  moment  shall  be  balanced  by  rota¬ 
tional  inertia.  For  tail-wheel  types,  the  result¬ 
ant  of  the  ground  reactions  shall  pass  through 
the  center  of  gravity  of  the  airplane. 

(h)  Towing  loads.  Towing  loads  shall  be 
those  specified  in  figure  4b-26,  considering 
each  condition  separately.  These  loads  shall 
be  applied  at  the  towing  fittings  and  shall  act 
parallel  to  the  ground.  A  vertical  load  factor 
equal  to  1.0  shall  be  considered  acting  at  the 
center  of  gravity.  The  shock  struts  and  tires 
shall  be  in  their  static  positions.  The  towing 
load,  Frowf  shall  be  defined  as  equal  to  .3Wt 
for  Wt  less  than  30,000  pounds,  equal  to 

6  Wr+ 450,000  ^  between  30,000  and 

70 

100,000  pounds  and  equal  to  .15Wr  for  Wt 
over  100,000  pounds,  where  Wt  is  the  design 
maximum  takeoff  weight.  For  towing  points 
not  on  the  landing  gear  but  located  near  the 
plane  of  symmetry  of  the  airplane,  the  drag 
and  side  tow  load  components  specified  for  the 
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«MaL  TYPE  THE  MRPLANE  IS  M  THE  THSEE  POtMT 
STTrruOE.  PIVOTM  IS  ASSUMED  to  TMC  PLACE 
ADOUT  ONE  HAM  LANOMS  SCAN  UMT. 


Fifiire  4b-14.— Pivoting,  nose  or  tail  wheel  type. 


•mdliary  gear  shall  apply.  For  tow  points 
located  outboard  of  the  main  gear,  the  drag 
and  side  tow  load  components  specified  for  the 
main  gear  shall  apply.  In  cases  where  the 
spedfied  angle  of  swivel  cannot  be  obtained, 
the  maximam  obtainable  angle  shall  be  used. 

[(Amendment  4b-12,  pnblished  27  F.  R.  298S, 
Mar.  30, 1962,  effeetive  May  3,  1962.)J 

4b.236  Un$ymmetrical  loads  on  mul¬ 
tiple-wheel  units. 

(a)  Cfeneral.  Multiple-wheel  landing  gear 
units  shall  be  assumed  to  be  subjected  to  the 
limit  ground  loads  prescribed  in  tUs  snbpart  in 
accordance  with  the  proviaons  of  paragraphs  (b) 
and  (c)  of  this  section.  A  tandem  strut  gear 
arrangement  shall  be  considered  to  be  a 
multiple-wheel  unit. 

(b)  Distribution  of  limit  loads  to 
wheels;  all  tires  inflated.  The  distribution 
of  the  limit  loads  among  the  wheels  of  the  land- 
faig  gears  shall  be  estaUished  for  all  landing, 
taxiing,  and  ground  handling  conditions,  taking 
into  account  the  effects  of  the  factors  enumer¬ 


ated  in  subparagraphs  (1)  through  (6)  of  this 
paragraph. 

(1)  Number  of  wheels  and  their  physical 
arrangement.  In  the  case  of  truck  type  land¬ 
ing  gear  units,  the  effects  of  any  see-saw  motion 
of  the  truck  during  the  landing  impact  shall  be 
considered  in  determining  the  maximum  design 
loads  for  the  fore  and  aft  wheel  pairs. 

(2)  Differentials  in  tire  diameters  result¬ 
ing  from  a  combination  of  manufacturing  toler¬ 
ances,  tire  growth,  and  tire  wear.  It  shall  be 
acceptable  to  assume  a  maximum  tire-diameter 
differential  equal  to  %  of  the  worst  combination 
of  diameter  variations  which  is  obtained  when 
taking  into  account  manufacturing  tolerances, 
tire  growth,  and  tire  wear. 

(3)  Unequal  tire  inflation  pressure,  as¬ 
suming  the  maximum  variation  to  be  ±5  per¬ 
cent  of  the  nominal  tire  inflation  pressure. 

(4)  A  runway  crown  of  zero  and  a  runway 
crown  having  a  convex  upward  shape  which 
may  be  approximated  by  a  slope  of  IK  percent 
with  the  horizontal.  Runway  crown  effects 
shall  be  considered  with  the  nose  gear  unit  on 
either  slope  of  the  crown. 

(5)  Airplane  atUtnde. 

(6)  Structural  deflections. 

(c)  Deflated  tires.  The  effect  of  deflated 
tires  on  the  structure  shall  be  considered  with 
respect  to  the  loading  conditions  specified  in 
subparagraphs  (1),  (2),  and  (3)  of  this  para¬ 
graph  taking  into  account  the  physical  arrange¬ 
ment  of  the  gear  components.  Consideration 
shall  be  given  to  the  deflation  of  any  one  tire 
for  all  multiple  wheel  landing  gear  units  and, 
in  addition,  to  the  deflation  of  any  2  critical 
tires  for  landing  gear  units  employing  4  or  more 
wheels  per  unit.  The  ground  reactions  shall 
be  applied  to  the  wheels  with  inflated  tires, 
except  that  for  multiple-wheel  gear  units  in¬ 
corporating  more  than  one  shock  strut,  it  shall 
be  permissible  to  use  a  rational  distribution  of 
the  ground  reactions  between  the  deflated  and 
inflated  tires,  taking  into  account  the  differ¬ 
ences  in  shock  strut  extensions  resulting  from 
a  deflated  tire. 

(1)  Landing  conditions.  For  one  de¬ 
flated  tire  and  for  2  deflated  tires,  the  applied 
load  to  each  gear  unit  shall  be  assumed  to  be  60 
percent  and  50  percent,  respectively,  of  the  limit 
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kNid  applied  to  each  gear  for  each  of  the  pre* 
scribed  landing  conditions  except  that,  for  the 
drift  ianding  condition  of  section  4b.234,  100 
percent  of  the  vertical  load  shall  be  applied. 

(2)  Taxiing  and  ground  handling  con- 
ditiong.  For  one  deflated  tire  and  for  2 
deflated  tires,  the  applied  side  and/or  drag 
load  factor  at  the  center  of  gravity  shall  be  the 
most  critical  value  up  to  50  percent  and  40 
percent,  respectively,  of  the  limit  side  and/or 
drag  load  factors  corresponding  with  the  most 
severe  condition  resulting  from  consideration 
of  the  prescribed  taxiing  and  ground  handling 
conditions  except  that,  for  the  braked  roll  con¬ 
ditions  of  section  4b.235  (b)  (1)  and  (2)  (ii),  the 
drag  loads  on  each  inflated  tire  shall  not  be  less 
than  those  at  each  tire  for  the  symmetrical  load 
distribution  with  no  deflated  tires.  For  one 
and  2  deflated  tires  the  vertical  load  factor  at 
the  center  of  gravity  shall  be  60  percent  and 
50  percent,  respectively,  of  the  factor  with  no 
deflated  tires,  except  that  it  shall  not  be  less 
than  Ig.  Pivoting  need  not  be  considered. 

(3)  Towing  conditions.  For  one  de¬ 
flated  tire  and  for  2  deflated  tires,  the  towing 
load,  Frowf  shall  be  60  percent  and  50  percent, 
respectively,  of  the  load  prescribed. 

Note:  In  determining  the  total  ioad  on  a  gear 
unit  with  respect  to  the  provisions  of  paragraphs  (b) 
and  (c)  of  this  section,  the  transverse  shift  in  the  load 
centroid,  due  to  nnsymmetrical  load  distribution  on 
the  wheels,  is  normally  neglected. 


Water  Loads 

4b.250  General.  The  structure  of  hull  and 
float  type  seaplanes  shall  be  designed  for  water 
loads  developed  during  takeoff  and  landing 
with  the  seaplane  in  any  attitude  likely  to  occur 
in  normal  operation  at  appropriate  forward  and 
sinking  velocities  under  the  most  severe  sea 
conditions  likely  to  be  encountered.  Unless  a 
more  rational  analysis  of  the  water  loads  is 
performed,  the  requirements  of  sections  4b.251 
through  4b.258  shall  apply. 

4b.250-l  Water  loads — alternate  standards 
(FA A  policies  which  apply  to  sec.  4b. ^50). 
ANC-3  provides  a  level  of  safety  equivalent  to, 
and  may  be  applied  in  lieu  of,  section  4b.250. 

(17  F.  R.  10102,  Nov.  7, 1952,  effective  Oct.  31, 1952.) 


4b.251  Design  weights  and  center  of 
gravity  positions. 

(a)  Design  weights.  The  water  load  re¬ 
quirements  shall  be  complied  with  at  all  operat¬ 
ing  weights  up  to  the  design  landing  weight 
except  that  for  the  takeoff  condition  prescribed 
in  section  4b.255  the  design  takeoff  weight 
shall  be  used. 

(b)  Center  of  gravity  positions.  The 
critical  center  of  gravity  positions  within  the 
limits  for  which  certification  is  sought  shall  be 
considered  to  obtain  maximum  design  loads 
for  each  part  of  the  seaplane  structure. 

4b.252  Application  of  loads. 

(a)  The  seaplane  as  a  whole  shall  be  as¬ 
sumed  to  be  subjected  to  the  loads  correspond¬ 
ing  with  the  load  factors  specified  In  section 
4b.253,  except  as  otherwise  prescribed.  In 
applying  the  loads  resulting  from  the  load 
factors  prescribed  in  section  4b.253,  it  shall  be 
permissible  to  distribute  the  loads  over  the  hull 
bottom  in  order  to  avoid  excessive  local  shear 
Lads  and  bending  moments  at  the  location  of 
water  load  application,  using  pressures  not  less 
than  those  prescribed  in  section  4b.256  (b). 

(b)  For  twin  loat  seaplanes,  each  float  shall 
be  treated  as  an  equivalent  hull  on  a  fictitious 
seaplane  having  a  weight  equal  to  one-half  the 
weight  of  the  twin  float  seaplane. 

(c)  Except  in  the  takeoff  condition  of  section 
4b.255,  the  aerodynamic  lift  on  the  seaplane 
during  the  impact  shall  be  assumed  to  be  % 
of  the  weight  of  the  seaplane. 

4b.253  Hull  and  main  doat  load  factors. 
Water  reaction  load  factors  shall  be  computed 
as  follows: 


For  the  step  landing  case: 

tan»rt/3„>«’ 


For  the  bow  and  stern  landing  cases: 


where: 


K.  . 


nw=  water  reaction  load  factor  (water 
reaction  divided  by  the  seaplane 
weight); 


Ci=em^rical  seaplane  operations  factor 
equal  to  0.009,  except  that  this 
factor  shall  not  be  less  than  that 


640589  0^: 
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necessary  to  obtain  the  minimnin 
▼sine  of  step  load  factor  of  2.33; 

Fik— s^pbuse  stalling  speed  (mph)  with 
iimding  flaps  extended  in  the  appro- 
priate  position  and  with  no  slip- 
stream  effect; 

/3=angle  of  dead  rise  at  the  longitiidinal 
station  at  which  the  load  factor  is 
bdng  determined  (see  fig.  4b-15a); 

VF=seM*ne  derign  landing  wdght  in 
pounds. 

empirical  hull  station  weighing  factor. 
(See  fig.  4h-15b.)  For  a  twin  float 
seai^ane,  in  recognition  of  the  effect 
of  flexibility  of  the  attachment  of  the 
floats  to  the  seaplane,  it  shall  be  ac¬ 
ceptable  to  rednce  the  factor  Ki 
at  the  bow  and  stem  to  0.8  of  the 
▼alne  shown  in  figure  4b-15b.  This 
rednction  shall  not  apply  to  the 
float  design  bnt  only  to  the  design 
the  carry-through  and  seaidane 
stmctnre; 

rz= ratio  of  distance,  measured  parallel  to 
hull  reference  axis,  from  Ae  center 
(ff  gravity  of  the  seaplane  to  the 
hull  longitudinal  station  at  which 
the  load  factor  is  being  computed  to 
the  radius  of  gyration  in  pitch  of  the 
seaifiane,  the  hull  reference  axis 
bei^  a  straight  line,  in  the  plane 
of  symmetry,  tangential  to  the  keel 
at  the  main  step. 

4b.254  Hull  and  main  float  landing  eon' 
dHiont. 

(a)  Sgmmetrieal  step  landing.  The  limit 
watmr  reaction  load  factor  shall  be  in  accordance 
with  section  4b.253.  The  resultant  water  load 
shall  be  applied  at  the  keel  through  the  center 
at  gravity  perpendicnlady  to  the  keel  line. 

(b)  Sgmmetrieal  how  landing.  The  limit 
water  reaction  load  factor  shall  be  in  accordance 
with  section  4b.253.  The  resultant  water  load 
shall  be  applied  at  the  keel  K  of  the  longitudinal 
distance  ^m  the  bow  to  the  step,  and  shall  be 
directed  pwpendicnlariy  to  the  keel  line. 

(c)  Sgmmetrieal  stern  landing.  The 
limit  watmr  reaction  load  factor  shall  be  in 
accordance  with  section  4b.253.  The  resultant 
water  load  shall  be  a^ed  at  the  keel  at  a  pdnt 
85  percent  of  the  longitudinal  distance  from 


the  step  to  the  stem  post,  and  shall  be  directed 
perpendicularly  to  the  keel  line. 

(d)  Unsgmmetrieal  landing;  hull  tgpe 
and  single  float  seaplanes.  Unsymmetrical 
step,  bow,  and  stem  landing  conditions  shall  be 
investigated.  The  loading  for  each  condition 
shall  consist  of  an  upward  component  and  a  aide 
component  equal,  respectively,  to  0.75  and 
0.25  tan  /3  times  the  resultant  load  in  the  corre¬ 
sponding  symmetrical  landing  condition.  (See 
paragraphs  (a),  (b),  and  (c)  of  this  section.) 
The  pifint  of  application  and  direction  of  the 
upward  component  of  the  load  shall  be  the  same 
as  that  in  the  symmetrical  condition,  and  the 
point  of  application  of  the  side  component  shall 
be  at  the  same  longitudinal  station  as  the  up¬ 
ward  compouent  but  directed  inward  perpen- 
dicnlariy  to  the  plane  of  symmetry  at  a  point 
midway  between  the  keel  and  chine  lines. 

(e)  Unsgmmetrieal  landing;  twin  float 
seaplanes.  The  unsymmetrical  loading  shall 
consist  of  an  upward  load  at  the  step  of  each 
float  of  0.75  and  a  side  load  of  0.25  tan  /3  at  one 
float  times  the  step  landing  load  obtained  in 
accordance  with  section  4b.253.  The  side  load 
shall  be  directed  inboard  perpendicularly  to 
the  plane  of  symmetry  midway  between  the 
keel  and  chine  lines  of  the  float  at  the  same 
longitudinal  station  as  the  upward  load. 

4b.255  Hull  and  main  float  takeoff  eon- 
dition.  The  provisions  of  this  section  shall 
apply  to  the  design  of  the  vring  and  its  attach¬ 
ment  to  the  hull  or  main  float.  The  aero¬ 
dynamic  wing  lift  shall  be  assumed  to  be  zm*o. 
A  downward  inertia  load  shall  be  applied  and 
shall  correspond  with  the  following  load  factOT: 

^  tan 

where: 

n=inmtia  load  factor; 

empirical  seaplane  operations  factor 
equal  to  0.003; 

F«,= seaplane  stalling  speed  (mph)  at  the 
design  takeoff  weight  with  the 
flaps  extended  in  the  appropriate 
takeoff  portion; 

/9=angle  of  dead  rise  at  the  main  step 
(degrees) ; 

IF=  seaplane  design  takeoff  weight  in 
pounds. 
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Unflortd  Bottom  Rored  Bottom 

fifw*  4b-lte. — Plctorisl  dsRnitioii  of  tUmeatioaa,  aad  direeliono  on  a  aeaplaao. 
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Figure  4b-16b.— Hull  etetion  weigUng  fector. 
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Figure  4b-lSc.— TranuYerae  pressure  distributions. 


4b.256  Hull  and  main  Hoot  bottom 
prenure*.  The  propisions  of  this  section 
Aall  tq^y  to  the  design  of  the  hall  and  main 
float  strnctnre,  including  frames  and  bulk* 
heads,  stringers,  and  bottom  plating.  In  the 
absence  of  more  rational  data,  the  pressures 
and  diirtribations  shall  be  as  ftdlows: 

(a)  Local  prenurct.  The  following  pres¬ 
sure  distribatitms  are  an>licable  for  the  design 
ci  the  bottom  ^ting  a^  stringers  and  their 
attachments  to  the  supporting  structure.  The 
area  oper  which  these  pressures  are  iqiplied 
shall  be  such  as  to  simulate  pressures  occurring 


daring  high  localized  impacts  on  the  hull  or 
float,  and  need  not  extend  oper  an  area  which 
would  induce  critical  stresses  in  the  frames  or 
in  the  operall  structure: 

(1)  Vnilared  bottom.  The  pressure  at 
the  keel  (psi)  shall  be  computed  as  follows: 


where: 

Pjt= pressure  at  the  keel; 

C, =0.0016; 

K]=hall  station  weighing  factor  (see  fig. 
4b-15b); 
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K«i=8e^rtsiie  BUUiiig  speed  (mph)  at  the 
design  takeoff  weight  with  flaps 
extended  in  the  appropriate  take* 
off  position; 

/Jk=angie  of  dead  rise  at  keel  (see  fig. 
4h-15a). 

The  pressure  at  the  chine  shall  be  0.75  Pt,  and 
the  ivessures  between  the  keel  and  chine  shall 
▼ary  linearly.  (See  fig.  4b-15c.) 

(2)  Flared  bottom.  The  pressure  dis¬ 
tribution  for  a  flared  bottom  shall  be  that  for  an 
nnflared  bottom  prescribed  in  subparagraph  (1) 
of  this  paragraph,  except  that  the  pressure  at 
the  chine  shall  be  computed  as  follows: 


ek' 


if, 

'  tan/}  ’ 


where: 

P^r=pressnre  at  the  chine; 

C, =0.0012; 

£,=hnll  station  weighing  factor  (see  fig. 
4b-lSb); 

Fai= seaplane  stalling  speed  (mph)  at  the 
design  takeoff  weight  with  flaps 
extended  in  the  appropriate  takeoff 
position; 

/3=angle  of  dead  rise  at  appropriate 
station. 


The  pressure  at  the  beginning  of  the  flare  shall 
be  the  same  as  for  an  unflared  bottom,  and  the 
pressure  between  the  chine  and  the  beginning 
of  the  flare  shall  vary  linearly.  (See  fig. 
4b-15c.) 

(b)  Dietributed  preaeurea.  The  following 
distributed  pressures  are  applicable  for  the 
design  of  the  frames,  keel,  and  chine  structure. 
These  pressures  shall  be  uniform  and  shall  be 
applied  simultaneously  oTer  the  entire  hull  or 
main  float  bottom.  The  loads  so  obtained  shall 
be  carried  into  the  ridewall  structure  of  the  huU 
proper,  but  need  not  be  transmitted  in  a  fore  and 
aft  direction  as  shear  and  bending  loads. 

(1 )  Symmetrical.  The  symmetrical  pres¬ 
sures  shall  be  computed  as  foUows: 


F  =  C4 


JMV. 
tan/S  ’ 


where: 

measure; 

C4=0.078C,  (for  C,  see  see.  4b.253); 
£s»hnll  statimi  weighing  factor  (see  fig. 
4h-15b); 


F.,= seaplane  stalling  speed  (mph)  with 
landing  flaps  extended  in  the  appro¬ 
priate  position  and  with  no  slip¬ 
stream  effect; 

i8=angle  of  dead  rise  at  appropriate  sta¬ 
tion. 

(2)  Vnaymmetrieal.  The  nnsymmetrical 
pressure  distribution  shall  consist  of  the  pres¬ 
sures  prescribed  in  subparagraph  (1)  of  this 
paragraph  on  one  side  of  the  hull  or  main  float 
centerline  and  one-half  of  that  pressure  on  the 
other  side  of  the  hull  or  main  float  centerline. 
(See  fig.  4b-15c.) 

4b.257  Auxiliary  doat  loada.  Auxiliary 
floats,  their  attachments,  and  supporting  struc¬ 
ture  shall  be  designed  for  the  following  con¬ 
ditions.  In  the  eases  specified  in  paragraphs 
(a),  (b),  (c),  and  (d)  of  this  section  it  shall  be 
acceptable  to  distribute  the  prescribed  water 
loads  over  the  float  bottom  to  aroid  excessire 
local  loads,  using  bottom  iwessnres  not  less  than 
those  prescribed  in  paragraph  (f)  of  this  section. 

(a)  Step  loading.  The  rejultant  water  load 
shall  be  applied  in  the  plane  of  symmetry  of  the 
float  at  a  point  three-fourths  of  the  distance 
from  the  bow  to  the  step  and  shall  be  perpendic¬ 
ular  to  the  keel.  The  resultant  limit  load  shall 
be  computed  as  follows,  except  that  the  value  of 
L  need  not  exceed  three  times  the  weight  of  the 
displaced  water  when  the  float  is  completely 
suWerged: 

tanw/3,  (1+0*^’ 

where: 

L=limit  load 

C4=0.004; 

F^,= seaplane  stalling  speed  (mph)  with 
landing  flaps  extended  in  the  appro¬ 
priate  position  and  with  no  slip- 
sfream  effect; 

1F=  seaplane  design  landing  weight  in 
pounds; 

^,=angle  of  dead  rise  at  a  station  %  of 
the  distance  from  the  bow  to  the 
step,  but  need  not  be  less  than  15 
degrees; 

r,=ratio  of  the  lateral  distance  between 
the  center  of  gravity  and  the  plane  of 
symmetry  of  the  float  to  the  radius 
of  gyration  in  roll. 
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(b)  Bow  loading.  The  resulUnt  limit  load 
•hail  he  ap^ed  ia  the  plaae  of  symmetry  of  the 
float  at  a  p^t  oae-foorth  of  the  distaace  from 
the  bow  to  the  step  sad  shaU  be  perpendicnlar 
to  the  taageat  to  the  keel  liae  at  that  poiat. 
The  Biagaitade  of  the  resultaat  load  sh^  be 
that  spedfled  la  paragraph  (a)  of  this  section. 

(e)  Vntgmmetrical  »tep  loading.  The 
rei^tant  water  load  shall  consist  of  a  com* 
ponent  equal  to  0.75  times  the  load  spedfled  in 
paragraph  (a)  of  this  section  and  a  side  com- 
pmient  equal  to  0.25  tan  times  the  load 
spedfled  la  paragra^  (a)  of  this  section.  The 
side  load  shall  be  api^ed  perpendicularly  to 
the  plaae  of  symmetry  of  the  float  at  a  point 
midway  between  the  keel  and  the  chine. 

(d)  Vnagmmetrical  bow  loading.  The 
retrahaat  water  load  shall  consist  of  a  com* 
poaent  equal  to  0.75  times  the  load  spedfled  in 
paragraph  (b)  of  this  section  and  a  side  com* 
poaent  equal  to  0.25  tan  /3  times  the  load 
spedfled  to  paragraph  (b)  of  this  section.  The 
sMe  load  shall  be  applied  perpendicularly  to 
the  plaae  oi  symmetry  at  a  point  midway  be* 
tween  the  keel  and  the  chine. 

(e)  Immersed  doat  condition.  The  re* 
Miltant  load  shall  be  apidied  at  the  centroid  of 
the  cross  section  of  the  float  at  a  point  one- 
tUrd  of  the  distance  from  the  bow  to  the  step. 
The  ttmit  load  components  shall  be  as  follows: 

T«tical=pgF 

Side=c4’'*" 

m 

where: 

p=ma8s  dendty  of  water; 

F=Yolnme  of  float; 

Cs— coeffident  of  drag  force,  equal  to  0.10; 

Cy— coeffident  of  side  force,  equal  to  0.08; 

iC— 0.8,  except  that  lower  values  shall  be 
acceptable  if  it  is  shown  that  the 
floats  are  incapable  of  submerging 
at  a  speed  of  0.8  F*,  in  normal  op* 
orations; 

seaplane  stalling  speed  (mph)  with 
landing  flaps  extended  in  the  sp* 
propriate  potion  and  with  no  slip¬ 
stream  effect 


(f)  Float  bottom  pressures.  The  float 
bottom  pressures  shall  be  established  in  ac¬ 
cordance  with  section  4b.256  (a)  and  (b).  The 
angle  of  dead  rise  to  be  used  in  determining 
the  float  bottom  pressures  shall  be  as  deflned 
in  paragraph  (a)  of  this  section. 

4b.258  Seawing  loads.  Seawing  design 
loads  shall  be  based  on  applicable  test  data. 

Emergency  Landing  Conditions 

4b.260  General.  The  following  require¬ 
ments  deal  with  emergency  conditions  of  land¬ 
ing  on  land  or  water  in  which  the  safety  of  the 
occupants  shall  be  considered,  although  it  is 
accepted  that  parts  of  the  airjdane  may  be  dam¬ 
aged. 

(a)  The  structure  shall  be  designed  to  give 
every  reasonable  probability  that  aU  of  the  oc¬ 
cupants,  if  they  make  proper  use  of  the  seats, 
belts,  and  other  provisions  made  in  the  design 
(see  sec.  4b.358),  will  escape  serious  injury  in 
the  event  of  a  minor  crash  landing  (with  wheels 
np  if  the  airplane  is  equipped  with  retractable 
landing  gear)  in  which  the  occupants  experience 
the  following  ultimate  inertia  forces  relative  to 
the  surrounding  structure: 

(1)  Upward...  2.0g  (Downward..  4.5g) 

(2)  FOTward...  9.0g 

(3)  Sideward..  1.5g 

(b)  The  use  of  a  lesser  value  of  the  down¬ 
ward  inertia  force  specifled  in  paragraph  (a)  of 
this  section  shall  be  acceptable  if  it  is  shown  that 
the  airplane  structure  can  absorb  the  landing 
loads  corresponding  with  the  design  landing 
w^ght  and  an  ultimate  descent  velocity  of  5 
f.  p.  s.  without  exceeding  the  value  chosen. 

(c)  The  inertia  forces  specifled  in  paragraph 
(a)  of  this  section  shall  be  applied  to  all  items 
of  mass  which  would  be  apt  to  injure  the  pas¬ 
sengers  or  crew  if  such  items  became  loose  in 
the  event  of  a  minor  crash  landing,  and  the 
supporting  structure  shall  be  designed  to 
restrain  these  items. 

4b.261  Structural  ditching  provisions. 
(For  structural  strength  condderations  of 
ditching  provisions  see  sec.  4b.361  (c).) 

Fatigue  Eyaluation 

4b.270  J[Fatigue  evaluation  of  Sight 
sfruefure.]  The  strength,  deUul  design,  and 
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fiibdeatioB  of  those  poittoos  of  the  airplane’s 
flight  strnetnre  in  which  fatigue  may  be  critical 
shall  be  eTalnated  in  accordance  with  the  pro- 
TisloBs  of  dther  paragraph  (a)  or  (b)  of  this 
section. 

(a)  Fatigue  etrength.  The  structure  shall 
be  shown  by  analysis  and/or  tests  to  be  capable 
of  withstanding  the  repeated  loads  of  ▼ariable 
magnitude  expected  in  service.  The  provisions 
of  subparagraphs  (1)  through  (3)  of  this  para¬ 
graph  shall  apply. 

(1)  Evaluation  of  fatigue  shall  involve  the 
fidlowing: 

(i)  Tyidcal  loading  spectrum  expected 
in  service; 

(ii)  Identification  of  principal  structural 
elements  and  detail  design  points,  the  fatigue 
failure  of  which  could  cause  catastrophic  failure 
of  the  aircraft;  and 

(ill)  An  analysis  and/or  repeated  load 
tests  of  principal  structural  elements  and  detaU 
design  points  identified  in  subdivision  (it)  of 
this  subparagraph. 

NOTS:  Usnally  tests  of  principal  straetoral  elements 
tacinde  major  iittinfs,  samples  of  joints,  spar  cap  strips, 
sUn  nnlts,  and  other  representative  sections  of  the 
flight  strnetnre. 

(2)  It  shall  be  acceptable  to  utilixe  the 
service  history  of  airplanes  of  similar  structural 
design,  taking  due  account  of  differences  in 
t^erating  conditions  and  procedures. 

(3)  Wheu  circumstances  require  substan¬ 
tiation  of  the  pressure  cabin  by  fatigue  tests, 
the  cabin  or  representative  portions  of  it  shall 
be  cycle-pressure  tested,  utilizing  the  normal 
tqierating  pressure  together  with  the  effects  of 
external  aerodynamic  pressure  combined  with 
the  flight  loads.  It  shjdl  be  acceptable  to  rep¬ 
resent  the  effects  of  flight  loads  by  an  increased 
cabin  measure,  or  to  omit  the  flight  loads  if 
they  are  shown  to  have  no  significant  effect 
npMi  fatigne. 

(b)  Fail  eate  strength.  It  shall  be  shown 
by  analysis  and/or  tests  that  catastrophic  fail- 
mre  or  excesdve  structural  deformation,  which 
could  advmely  affect  the  flight  characteristics 
of  the  airplane,  are  not  probable  after  fatigne 
failure  at  obvious  partial  failnre  of  a  single 
principal  strnctnral  element.  After  such  fail- 
ve,  the  remaining  structure  shall  be  capable 


of  withstanding  cdatic  loads  cm-responding  with 
the  flight  loading  condition  specified  in  sub- 
paragraphs  (1)  through  (4)  of  this  paragraph. 
These  loads  shall  be  multiplied  by  a  factor  of 
1.15  unless  the  dynamic  effects  of  failure  under 
static  load  are  otherwise  taken  into  considera¬ 
tion.  In  the  case  of  a  pressure  cabin,  the  nor¬ 
mal  operating  pressures  combined  with  the  ex¬ 
pected  external  aerodynamic  jwessnres  shall  be 
applied  simultaneously  with  the  flight  loading 
conditions  specified  in  this  paragraph. 

(1)  An  ultimate  maneuver  load  factor  of 
2.0  at  Kc. 

(2)  Gust  loads  as  specified  in  sections 
4b.211  (b)  and  4b.215  (b),  except  that  these 
gust  loads  shall  be  considered  to  be  ultimate 
and  the  gust  velocities  shall  be  as  follows: 

(i)  At  speed  Vb,  49  fps  from  sea  level  to 
20,000  feet  altitude,  thereafter  decreasing 
linearly  to  28  fps  at  50,000  feet  altitude. 

(ii)  At  speed  Vc,  33  fps  from  sea  level 
to  20,000  feet  altitude,  thereafter  decreasing 
linearly  to  16.5  fps  at  50,000  feet  altitude. 

(iii)  At  speed  Vd,  15  fps  from  sea  level 
to  20,000  feet  altitude,  thereafter  decreasing 
linearly  to  6  fps  at  50,000  feet  altitude. 

(3)  Eighty  percent  of  the  limit  loads 
resulting  from  the  conditions  specified  in  sec¬ 
tion  4b.220  (c).  These  loads  shall  be  con- 
sidmed  to  be  ultimate. 

(4)  Eighty  percent  of  the  limit  maneuver¬ 
ing  loads  resulting  from  the  conditions  specified 
in  section  4b.215  (a),  except  that  the  load  need 
not  exceed  100  percent  of  the  critical  load 
obtained  in  compliance  with  the  provisions  of 
section  4b.215  (a)  using  a  pilot  effort  of  180 
pounds.  This  load  shall  be  coneddered  to  be 
ultimate. 

[(Amendment  4b-12,  pnbiislied  27  F.R.  2986, 
Mw.  30,  1962,  effective  May  3,  1962.)] 

4b.270-l  Flight  stnicture  for  Jatigue  evalua¬ 
tion  (FAA  interpretations  which  apply  to  sec. 
4b. 270).  The  term  “flight  structure”  as  ap¬ 
plied  to  fatigue  evaluation,  is  defined  as  those 
portions  of  the  airplane’s  structure  failure  of 
which  could  result  in  catastrophic  failure  of 
the  aircraft  and  includes  the  wings,  fixed  and 
movable  control  surfaces,  fuselage,  and  their 
related  primary  attachments. 

(23  F.R.  SOSl,  May  7,  1958,  effective  June  6,  1958.) 
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4b.270-2  Fatigue  evaluation,  general  {^FAA 
policies  which  apply  to  sec.  4h.^70).  Tbe  appli¬ 
cant  should  submit  to  the  FAA  a  report  out¬ 
lining  tbe  procedures  and  the  substantiating 
analyses  and  tests  he  proposes  to  follow  in 
showing  compliance  with  the  fatigue  evaluation 
requirements  of  section  4b.270.  Typical  pro¬ 
cedures  which  may  be  used  as  guidance  in  the 
fatigue  evaluation  of  the  structures  are  dis¬ 
cussed  in  appendix  H  to  the  Civil  Aeronautics 
Manual  4b. 

(23  F.  R.  SOSl,  May  7,  1968,  effective  June  6,  1958.) 

[4b.271  Fatigue  evaluation  of  landing 
gear.  The  strength,  detail  design,  and  fabrica¬ 
tion  of  those  portions  of  the  landing  gear  and  its 
attachment  fittings  in  which  fatigue  may  be 
critical  shall  be  evaluated  in  accordance  with 
the  provisions  of  either  paragraph  (a)  or  (b)  of 
this  section. 

[(a)  The  fatigue  strength  of  the  stractnre 
shall  be  evaluated  and,  when  indicated  by  such 

Subpait  D— Design 
General 

4b.S00  Scope.  The  airplane  shall  not  in¬ 
corporate  design  features  or  details  which  ex¬ 
perience  has  shown  to  be  haxardons  or  unre¬ 
liable.  The  snitaUlity  of  all  questionable  de¬ 
sign  details  or  parts  shall  be  established  by 
tests. 

4b.300-l  Tumhuekle  sajetying  {FAA  poli¬ 
ties  which  apply  to  sec.  4^.300).  The  proce¬ 
dure  outlined  in  section  4b.329-2  should  be 
followed  in  safetying  tumbuckles. 

(20  F.  R.  2278,  Apr.  8, 1955,  effective  Apr.  30,  1955.) 

4b.301  Materials.  The  suitability  and  du¬ 
rability  of  all  materials  used  in  the  airplane 
structure  shall  be  established  on  the  basis  of 
experience  or  tests.  All  materials  used  in  the 
airidane  structure  shall  conform  to  approved 
specifications  which  will  insure  their  having  the 
strength  and  other  properties  assumed  in  the 
design  data. 

4b.301-l  AcceptabUity  of  materials  {FAA 
policies  which  apply  to  sec.  4b. SOI). 

(a)  Materials  conforming  to  established  in¬ 
dustry  or  military  specifications  or  to  Technical 
Standard  Orders  issued  by  the  Administrator 


evaluation,  inspection  or  other  procedures  shall 
be  established  to  prevent  catastrophic  fatigue 
figure.  The  evaluation  shall  include  the  loading 
spectrum  expected  in  service  and  the  identifica¬ 
tion  and  analysis  or  repeated  load  testing  of  the 
principal  structural  elements  and  detail  design 
points  where  catastrophic  fatigue  failure  could 
occur.  It  shall  be  acceptable  to  utilixe  the 
service  history  of  airplanes  of  similar  structural 
design,  taking  due  account  of  differences  in 
operating  conditions  and  procedures. 

[(b)  It  shall  be  shown  by  analysis  or  tests 
that  catastrophic  failure  is  not  probable  after 
fatigue  failure  or  obvious  partial  failure  of  a 
(tingle  principal  structural  element.  After  such 
failure  the  remaining  structure  shall  be  capable 
of  withstanding  static  loads  corresponding  with 
80  percent  of  the  limit  loads  resulting  from  the 
conditions  prescribed  in  section  4b.230.  These 
static  loads  shall  be  considered  ultimate  loads.] 

[(Amendment  48-12,  27  F.  R.  2986.  Mar.  30.  1962, 
effective  May  3, 1962.)] 

and  Construction 

are  acceptable  for  use  on  transport  category 
airplanes.  Where  new  or  improved  materials 
are  used  or  where  the  materials  are  not  covered 
by  specifications  sufficient  information  and  data 
should  be  submitted  to  the  Administrator  to 
enable  him  to  assess  the  suitability  of  the 
material.  In  all  cases  it  is  the  responsibility  of 
the  applicant  to  demonstrate  the  adequacy  of 
the  materials  employed. 

(20  P.  R.  2278,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

4b.302  Fabrication  methods.  The 
methods  of  fabrication  employed  in  construct¬ 
ing  the  airplane  structure  shall  be  such  as  to 
produce  a  consistently  sound  structure.  When 
a  fabrication  process  such  as  gluing,  spot  weld¬ 
ing,  or  heat  treating  requires  close  control  to 
attain  this  objective,  the  process  shall  be 
performed  in  accordance  with  an  approved 
process  specification. 

4b.303  Standard  fastenings.  All  bolts, 
pins,  screws,  and  rivets  used  in  the  structure 
shall  be  of  an  approved  type.  The  use  of  an 
approved  locking  device  or  method  is  required 
far  all  such  bolts,  (tins,  and  screws.  Self¬ 
locking  nuts  shall  not  be  used  on  bolts  which 
are  subject  to  rotation  in  operation. 
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4b.304  Protection. 

(a)  All  members  of  the  stracture  shall  be 
suitably  protected  against  deterioration  or  loss 
of  strength  in  service  due  to  weathering,  cor* 
rosion,  abrasion,  or  other  causes. 

(b)  Provision  for  ventilation  and  drainage 
of  all  parts  of  the  structure  shall  be  made 
where  necessary  for  protection. 

(c)  In  sea^anes,  special  precautions  shall 
be  taken  against  corrosion  from  salt  water, 
particularly  where  parts  made  from  different 
metals  are  in  close  iwoximity. 

4b.305  Inspection  provisions.  Means 
shall  be  provided  to  permit  the  close  examina¬ 
tion  of  those  parts  of  the  airplane  which  require 
periodic  inspection,  adjustment  for  proper  align¬ 
ment  and  functioning,  and  lubrication  of  moving 
parts. 

4b.306  Material  strength  properties  and 
design  values. 

(a)  Material  strength  properties  shall  be 
based  on  a  sufficient  number  of  tests  of  material 
conforming  to  specifications  to  establish  design 
values  on  a  statistical  basis. 

(b)  The  design  values  shall  be  so  chosen 
that  the  probability  of  any  structure  being 
nnderstrength  because  of  material  variations 
is  extremely  remote.  The  effects  of  tempera¬ 
ture  on  allowable  stresses  used  for  design  in 
an  essential  component  or  structure  shall  be 
considered  where  thermal  effects  are  significant 
under  normal  operating  conditions. 

[(c)  Values  contained  in  MIL-HDBK-5, 
MIL-HDBK-17  Part  I,  ANC-17  Part  II, 
ANC-18,  MIL-HDBK-23  Part  I,  and  ANC-23 
Part  II  shall  be  used  unless  shown  to  be 
inapplicable  in  a  particular  case. 

[Note:  MIL~HDBK-5,“  Strength  of  Metal  Aircraft 
Elements”:  MIL-HDBK-17.  “Plastics  for  Flight  Vehi¬ 
cles,  Part  I — Reinforced  Plastics”:  ANC-17,  “Piastics 
for  Aircraft,  Part  II — Transparent  Glazing  Materials”; 
ANC-18,  “Design  of  Wood  Aircraft  Structures”:  MIL- 
HDBK-23,  “Composite  Construction  for  Fiight  Vehi¬ 
cles,  Part  I — Fabrication  Inspection  Durability  and 
Repair”:  And  ANC-23,  “Sandwich  Construction  for 
Aircraft,  Part  II — Material  Properties  and  Design 
Criteria”,  are  published  by  the  Department  of  Defense 
and  the  Federal  Aviation  Agency  and  may  be  obtained 
from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington  25,  D.C.] 

(d)  The  strength,  detail  design,  and  fabrica¬ 
tion  of  the  sfructnre  shall  be  such  as  to  minimize 


the  probability  of  disastrous  fatigue  failure. 
(See  also  sec.  4b.270.) 

Note:  Points  of  stress  concentration  are  one  of  the 
main  sources  of  fatigue  failure. 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30.  1962,  effective  May  3,  1962.)] 

4b.306-l  Material  strength  properties  (FAA 
policies  which  apply  to  sec.  4l>.306  (c)). 

(a)  In  the  case  of  structures  where  the 
applied  loads  are  eventually  distributed  through 
a  single  member  within  an  assembly,  the  failure 
of  which  would  result  in  the  loss  of  the  struc¬ 
tural  integrity  of  the  component  involved,  the 
guaranteed  minimum  design  mechanical  prop¬ 
erties  (“A”  values)  listed  in  [MIL-HDBK-bJ  « 
should  be  used  for  design. 

(b)  Redundant  structures  wherein  failure  of 
individual  elements  would  result  in  the  applied 
load  being  safely  distributed  to  other  load¬ 
carrying  members,  may  be  designed  on  the 
basis  of  the  “90  percent  probability”  (“B” 
values). 

(c)  When  strength  testing  is  employed  to 
establish  design  allowables,  such  as  in  the  case 
of  sheet-stiffener  compression  tests,  the  test 
results  should  be  reduced  through  use  of  a 
materials  correction  factor  to  values  which 
would  be  met  by  material  having  the  design 
allowable  material  properties  for  the  part  under 
consideration.  [MIL-HDBK-53  outlines 
methods  of  accomplishing  this  reduction  but 
these  are  by  no  means  considered  as  the  only 
methods  available. 

(d)  Use  of  design  values  greater  than  the 
guaranteed  minimums  is  permissible  in  appli¬ 
cations  where  only  guaranteed  muiimum  values 
are  normally  permitted  provided  that  the 
higher  values  are  substantiated  by  “premium 
selection”  of  the  material.  These  increased 
design  allowables  will  be  acceptable  providing 
that  a  specimen  or  specimens  of  each  individual 


•  IMIL-HDBK-51  “Strength  of  Metal  Aircraft  Elements"  speci¬ 
fies  “A”  and  “B”  values  for  allowable  design  properties.  The  “A” 
values  are  those  which  the  material  prouucer  has  Indicated  to  be  the 
minimum  he  expects  for  the  given  material.  The  only  values  consid¬ 
ered  guaranteed  values  are  the  tensile  ultimate  and  tensile  yield  “A” 
values  which  have  been  published  by  the  material  producer  tor  the 
grain  direction  accepted  for  commercial  guarantees.  The  “B”  values 
represent  design  properties  which  the  mat  rials  producers  have  indi¬ 
cated  will  be  met  or  exceeded  by  90  percent  of  the  material  supplied  by 
them.  More  detailed  information  on  the  derivation  of  related  design 
mechanical  properties  can  be  obtained  by  referring  [to  section  3.1.1 
"Material  Properties.”! 
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item  are  tested  prior  to  its  use,  to  assure  that 
the  strength  properties  of  the  particular  item 
will  equal  or  exceed  the  properties  to  be  used  in 
design.  Such  quality  control  should  also  be 
exercised  for  the  manufacture  of  spare  parts. 

(20  F.R.  2278,  Apr.  8,  1955,  effective  Apr.  30,  1955; 
(amended  27  F.  R.  2986,  Mar.  30,  1962,  effective 
May  3,  1962.]) 

4b.307  Special  factors.  Where  there  is 
uncertainty  concerning  the  actual  strength  of  a 
particular  part  of  the  structure,  or  where  the 
rtrength  is  likely  to  deteriorate  in  service  prior 
to  nwmal  replacement  of  the  part,  or  where  the 
strength  is  subject  to  appreciable  variability 
due  to  uncertainties  in  manufacturing  processes 
and  inspection  methods,  the  factor  of  safety 
prescribe  in  section  4b.200  (a)  shall  be  multi* 
plied  by  a  special  factor  of  a  value  such  as  to 
make  the  probability  of  the  part  being  under- 
strength  from  these,  causes  extremely  remote. 
The  following  special  factors  shall  be  used: 

[(a)  Casting  factors.  For  structural  cast¬ 
ings,  the  factor  of  safety  prescribed  in  section 
4b.200  shall  be  multiplied  by  the  casting  factors 
qiedfled  in  subparagraphs  (1)  and  (2)  of  this 
paragraph.  The  prescribed  tests  and  inspec¬ 
tions  shall  be  in  addition  to  those  necessary  to 
establish  foundry  quality  control.  Castings 
shall  be  inspected  in  accordance  with  approved 
specifications. 

C(l)  Each  casting,  the  failure  of  which 
would  preclude  continued  safe  flight  and  landing 
of  the  airplane  or  which  would  result  in  serious 
injury  to  occupants,  shall  have  a  casting  factor 
of  at  least  1.25  and  shall  receive  100  percent 
inspection  by  visual,  radiographic,  and  magnetic 
particle  or  penetrant  inspection  methods  or 
approved  equivalent  nondestructive  inspec¬ 
tion  methods.  Where  such  castings  have  a 
easting  factor  less  than  1.50,  three  sample 
castings  shali  be  static  tested.  The  test  cast¬ 
ings  shall  comply  with  the  strength  require¬ 
ments  of  section  4b.201  at  an  ultimate  load 
corresponding  with  a  casting  factor  of  1.25 
and  shall  comply  with  the  deformation  require¬ 
ments  at  a  load  equal  to  1.15  times  limit  load. 

[Note:  Examples  of  castings  to  which  this  sub¬ 
paragraph  appttes  are:  structural  attachment  fittings; 
parts  of  flight  control  systems;  control  surface  hinges 
and  balance  weight  attachments;  seat,  berth,  safety 
belt,  and  ftael  and  oil  tanh  supports  and  attachments; 
cabin  pressure  valves. 


((2)  For  structural  castings  other  than 
those  specified  in  subparagraph  (1)  of  this  para¬ 
graph,  the  casting  factors  and  inspections  shall 
be  in  accordance  with  the  following  table  except 
that  it  shall  be  acceptable  to  reduce  the  percent¬ 
age  of  castings  inspected  by  nonvisual  methods 
when  an  approved  quality  control  procedure  is 
established.  For  eastings  procured  to  a  specifi¬ 
cation  which  guarantees  the  mechanical  prop¬ 
erties  of  the  material  in  the  castings  and  pro¬ 
vides  for  demonstration  of  these  properties  by 
test  of  coupons  cut  from  castings  on  a  sampling 
basis,  it  shall  be  acceptable  to  use  a  casting 
factor  of  1.0.  The  inspection  requirements  for 
such  castings  shall  be  in  accordance  with  those 
specified  in  the  following  table  for  casting 
factors  of  1.25  to  1.50,  and  the  testing  require¬ 
ments  shall  be  in  accordance  with  subparagraph 
(1)  of  this  paragraph. 


Casting  factor 

Inspections 

2.0  or  greater. . . 

100  percent  visual. 

100  percent  visual,  and  mag¬ 
netic  particle  or  penetrant 
or  equivalent  nondestructive 
inspection  methods. 

100  percent  visual,  magneUc 
particle  or  penetrant,  and 
radiographic,  or  approved 
equivalent  nondestructive  in¬ 
spection  methods. 

Less  than  2.0  greater 
than  1.5. 

1.25  to  1.50 . 

[(3)  Castings  which  are  pressure  tested  as 
parts  of  a  hydraulic  or  other  fluid  system  shall 
not  be  required  to  comply  with  the  provisions  of 
this  section  unless  such  castings  support  air- 

plane  structural  loads. 

[(4)  The  casting  factor  need  not  exceed 
1.25  with  regard  to  bearing  stresses  regardless 
of  the  method  of  inspection  employed.  A 
casting  factor  need  not  be  employed  with 
respect  to  the  bearing  surface  of  a  part  if  the 
bearing  factor  used  (see  paragraph  (b)  of  this 
section)  is  greater  than  the  casting  factor. J 
(c)  Fitting  factors. 

(1)  A  fitting  factor  of  at  least  1.15  shall  be 
used  on  aU  fittings  the  strength  of  which  is  not 
proven  by  limit  and  ultimate  load  tests  in  which 
the  actual  stress  conditions  are  simulated  in  the 
fitting  and  the  surrounding  structure.  This 
factor  shall  ap|dy  to  all  portions  of  the  fitting, 
the  means  of  attachment,  and  the  bearing  on 
the  members  joined. 
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(2)  Ill  the  case  of  integral  fittings  the  part 
shall  he  treated  as  a  fitting  np  to  the  point 
where  the  section  ^operties  become  typi^  of 
the  member. 

(3)  The  fitting  factor  need  not  be  employed 
where  a  type  of  joint  made  in  accordance  with 
apiwoved  practices  is  based  on  comprehensire 
tMt  data.  e.  g.,  continnons  jmnts  in  metal 
plating,  wdded  joints,  and  scarf  joints  in  wood. 

(4)  A  fitting  factor  need  not  be  employed 
with  respect  to  the  bearing  surface  of  a  part 
if  the  bearing  factor  used  (see  paragraph  (b)  of 
this  section)  is  of  greater  magnitude  than  the 
fitting  factor. 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  SO,  1962,  May  3. 1962.)] 

4b.308  Flutter,  deformation,  and  vU 
bration.  Compliance  with  the  following  pro- 
▼isions  shall  be  shown  by  such  calculations, 
resonance  tests,  or  other  tests  as  are  found 
necessary  by  the  Administrator. 

(a)  Flutter  prevention.  The  airplane  shall 
be  designed  to  be  free  from  flutter  of  wing  and 
tail  units,  including  all  control  and  trim  sur¬ 
faces,  and  from  divergence  (i.  e.,  unstable 
structural  distortion  due  to  aerodynamic  load¬ 
ing),  at  all  speeds  np  to  1.2  Vo.  A  smaller 
margin  above  Vd  shidl  be  acceptable  if  the 
charactmistics  of  the  airplane  (including  the 
effects  of  compressibility)  render  a  speed  of 
1.2  Vd  unlikely  to  be  achieved,  and  if  it  Is 
shown  that  a  proper  margin  of  damping  exists 
at  speed  Vd.  In  the  absence  of  more  accurate 
data,  the  terminal  velocity  in  a  dive  of  30 
degrees  to  the  hiwizontal  shall  be  acceptable 
as  the  maiimnm  speed  likely  to  be  acbieved. 
If  concentrated  balance  weights  are  used  on 
control  surfaces,  th^  effectiveness  and  strength, 
including  supporting  structure,  shall  be  sub¬ 
stantiated.  If  control  surface  flutter  dampers 
are  installed  to  meet  the  requirements  of  this 
section,  it  shall  be  shown  that  a  single  failure 
in  the  flutter  damper  system  will  not  preclude 
continued  safe  flight  of  the  airplane  at  any 
speed  np  to  Vo. 

(b)  Lo»$  of  control  due  to  structural 
deformation.  The  airplane  shall  be  designed 
to  be  free  from  contrid  reversal  and  from  undue 
loss  of  longitudinal,  lateral,  and  directional 
stability  and  contrd  as  a  result  of  structural 
deformation,  including  that  of  the  contrid  sur¬ 


face  covering,  at  all  speeds  up  to  the  speed 
prescribed  in  paragraph  (a)  of  this  section  fm 
flutter  iwevention. 

(c)  Vibration  and  buffeting.  The  air¬ 
plane  shall  be  designed  to  withstand  all  vilwa- 
tion  and  buffeting  which  might  occur  in  any 
likely  operating  conditions. 

Control  Surfaces 

4b.310  Generai.  The  requirements  of  sec¬ 
tions  4b.311  through  4b.313  shall  apply  to  the 
design  of  fixed  and  movable  control  surfaces. 

4b.311  Proof  of  strength. 

(a)  Control  surface  limit  load  tests  shall  be 
conducted  to  prove  compliance  with  limit  load 
requirements. 

(b)  Control  surface  tests  shall  include  the 
horn  or  fitting  to  which  the  control  system  is 
attached. 

(c)  Analyses  or  individual  load  tests  shall  be 
conducted  to  demonstrate  compliance  with  the 
special  factor  requirements  for  control  surface 
hinges.  (See  secs.  4b.307  and  4b.313  (a).) 

4b.312  Installation. 

(a)  Movable  tail  surfaces  shall  be  so  in- 
stiUled  that  there  is  no  interference  between 
any  two  surfaces  when  one  is  held  in  its 
extreme  position  and  all  the  others  are  oper¬ 
ated  through  their  full  angular  movement. 

(b)  When  an  adjustable  stabilizer  is  used, 
stops  shall  be  provided  which  will  limit  its 
travel,  in  the  event  of  failure  of  the  adjusting 
mechanism,  to  a  range  equal  to  the  maximum 
required  to  trim  the  airplane  in  accordance  with 
section  4b.l40. 

4b.313  Hinges. 

(a)  Control  surface  hinges,  except  ball  and 
roller  bearings,  shall  incorporate  a  special 
factor  of  not  less  than  6.67  with  respect  to  the 
ultimate  bearing  strength  of  the  softest  mate¬ 
rial  used  as  a  bearing. 

(b)  For  hinges  incorporating  ball  or  roller 
bearings,  the  approved  rating  of  the  bearing 
shall  not  be  exceeded. 

(c)  Hinges  shall  provide  snflScient  strength 
and  rigidity  for  loads  parallel  to  the  hinge  line. 

Control  Systems 

4b.320  General. 

(a)  All  controls  and  control  systems  shall 
operate  with  ease,  smoothness,  and  positiveness 
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approiM’iate  to  their  function.  The  elements 
of  the  flight  control  system  shall  incorporate 
design  features  or  shall  be  distinctively  and 
permanently  marked  to  minimize  the  pos¬ 
sibility  of  incorrect  assembly  which  could 
result  in  malfunctioning  of  the  control  sys¬ 
tem.  Tab  control  systems  shall  be  such 
that  disconnection  or  failure  of  any  element  at 
speeds  up  to  Vc  cannot  jeopardize  the  safety  of 
flight.  (See  also  secs.  4b.308,  4b.350,  and 
4b.3S3.)  An  adjustable  stabilizer  shall  incor¬ 
porate  means  to  permit,  after  the  occurrence  of 
any  reasonably  probable  single  failure  of  the 
actuating  system,  such  adjustment  as  would  be 
necessary  for  continued  safety  of  the  flight. 

(b)  Power  boost  and  power-operated  control 
systems  shall  be  designed  in  accordance  with 
the  provisions  of  subparagraphs  (1)  and  (2)  of 
this  paragraph 

(1)  When  a  power  boost  or  power-operated 
control  system  is  used,  an  alternate  system 
shall  be  immediately  available  such  that  any 
single  failure  in  the  power  portion  shall  not 
preclude  continued  safe  flight  and  landing. 
Such  alternate  system  may  be  a  duplicate  power 
portion  or  a  manually  operated  mechanical 
system.  The  power  portion  shall  include  the 
power  source  (e.g.,  hydraulic  pumps),  and  such 
items  as  valves,  lines,  and  actuators.  The 
failure  of  mechanical  parts  (such  as  piston  rods 
and  iinks)  and  the  jamming  of  power  cylinders 
need  not  be  considered  if  such  faUure  or 
jamming  is  considered  to  be  extremely  remote. 

(2)  Both  the  primary  and  alternate  sys¬ 
tems  shall  be  operable  in  the  event  of  a  single 
engine  failure.  For  airplanes  with  more  than 
two  engines,  at  least  one  system  shall  be  oper¬ 
able  in  the  event  of  failure  of  a’^y  two  engines. 
It  shall  be  shown  by  analysis  that  in  the  event 
of  loss  of  power  on  all  engines,  the  airplane  is 
not  uncontridlable. 

4b.321  Two-control  airplanes.  Two- 
control  airplanes  shall  be  capable  of  continuing 
safely  in  flight  and  landing  in  the  event  of 
failure  of  any  one  connecting  element  in  the 
Sectional-lateral  flight  control  system. 

4b.322  Trim  controls  and  systems. 

(a)  'Mm  controls  shall  be  designed  to  safe¬ 
guard  against  inadvertent  or  abrupt  operation. 


(b)  Each  trim  control  shall  operate  in  the 
plane  and  with  the  sense  of  motion  of  the  air¬ 
plane.  (See  fig.  4b-16.) 

(c)  Means  shall  be  provided  adjacent  to  the 
trim  control  to  indicate  the  direction  of  the 
control  movement  relative  to  the  airplane 
motion. 

(d)  Means  shall  be  provided  to  indicate  the 
position  of  the  trim  device  with  respect  to  the 
range  of  adjustment.  The  indicating  means 
shall  be  clearly  visible. 

(e)  Trim  devices  shall  be  capable  of  con¬ 
tinued  normal  operation  in  the  event  of  failure 
of  any  one  connecting  or  transmitting  element 
of  the  primary  flight  control  system. 

(f)  All  trim  control  systems  shall  be 
demgned  to  prevent  creeping  in  flight.  Trim 
tab  controls  shall  be  irreversible,  unless  the 
tab  is  appropriately  balanced  and  shown  to  be 
free  from  flutter. 

(g)  Where  an  irreversible  tab  control  system 
is  employed,  the  portion  from  the  tab  to  the 
attachment  of  the  irreversible  unit  to  the  air- 
^ane  structure  shall  consist  of  a  rigid  connec¬ 
tion. 

4b.323  Wing  dap  controls. 

(a)  The  wing  flap  controls  shall  operate  in 
a  manner  to  permit  the  flight  crew  to  place  the 
flaps  in  all  of  the  takeoff,  en  route,  approach, 
and  landing  positions  established  under  section 
4b.lll  and  to  maintain  these  positions  there¬ 
after  without  further  attention  on  the  part  of  the 
crew,  except  for  flap  movement  produced  by  an 
automatic  flap  positioning  or  load  limiting  de¬ 
vice. 

(b)  The  wing  flap  control  shall  be  located 
and  designed  to  render  Improbable  its  inad¬ 
vertent  operation. 

(c)  The  rate  of  motion  of  the  wing  flap  in 
response  to  the  operation  of  the  control  and  the 
characteristics  of  the  automatic  flap  positioning 
or  load  limiting  device  shall  be  such  as  to  obtain 
satisfactory  flight  and  performance  character¬ 
istics  under  steady  or  changing  conditions  of 
air  speed,  engine  power,  and  airplane  attitude. 

(d)  The  wing  flap  control  shall  be  designed 
to  retract  the  flaps  from  the  fully  extended 
position  during  steady  flight  at  maximum  con¬ 
tinuous  engine  power  at  all  speeds  below  Vr+ 10 
(m.  p.  h.). 
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(e)  Means  shall  be  provided  to  indicate  the 
take-off,  en  ronte,  apiMoach,  and  landing  flap 
positions. 

(f)  If  any  extension  of  the  flaps  beyond  the 
landing  position  is  possible,  the  flap  control 
shall  be  clearly  marked  to  identify  such  range 
of  extension. 

4b.324  Wing  flap  interconnection. 

(a)  The  motion  of  wing  flaps  on  opposite 
sides  of  the  plane  of  symmetry  shall  be  syn¬ 
chronized  by  a  mechanical  interconnection 
unless  the  airplane  is  demonstrated  to  have  safe 
flight  characteristics  while  the  flaps  are  re¬ 
tracted  on  one  side  and  extended  on  the  other. 
When  a  mechanical  interconnection  is  employed 
means  shall  be  provided  to  insure  against 
hazardous  unsymmetrical  operation  of  the  wing 
flaps  after  any  reasonably  possible  single  failure 
of  the  flap  actuating  system. 

(b)  Where  a  wing  flap  interconnection  is 
used,  it  shall  be  designed  to  account  for  the 
ap^cable  unsymmetrical  loads,  including  those 
resulting  from  flight  with  the  engines  on  one 
side  of  the  plane  of  symmetry  inoperative  and 
the  remaining  engines  at  takeoff  power.  For 
airplanes  with  flaps  which  are  not  subjected  to 
slipstream  conditions,  the  structure  shall  be 
designed  for  the  loads  imposed  when  the  wing 
flaps  on  one  side  are  carrying  the  most  severe 
load  occurring  in  the  prescribed  symmetrical 
conditions  and  those  on  the  other  side  are  carry¬ 
ing  not  more  than  80  percent  of  that  load. 

4b.324-l  Procedure  for  demonstrating  wing 
flaps  that  are  not  interconnected  {FAA  policies 
which  apply  to  sec.  4FS£4  («))•  K  the  wing 
flaps  are  not  mechanically  interconnected,  tests 
should  be  conducted  to  simulate  flap  malfunc¬ 
tioning  (to  the  extent  of  the  flaps  being  retracted 
on  one  side  and  extended  on  the  other)  during 
takeoffs,  approaches,  and  landings  to  demon¬ 
strate  that  the  airplane  is  safe  under  these 
conditions. 

(19  F.R.  4461,  July  20, 1964,  effective  Sept.  1,  1954.) 

4b.325  Control  »g»tem  »tops. 

(a)  All  eontrd  systems  shall  be  provided  with 
idops  which  poritively  limit  the  range  of  motion 

the  control  surfaces. 

(b)  Control  system  stops  shall  be  so  located 
in  the  system  that  wear,  slackness,  or  take-up 
acUnstments  will  not  affect  adversely  the  con¬ 


trol  characteristics  of  the  airplane  because  of  a 
change  in  the  range  of  surface  travel. 

(c)  Control  system  stops  shall  be  capable  of 
withstanding  the  loads  corresponding  with  the 
design  conditions  for  the  control  system. 

4b.326  Control  system  locks.  Provision 
shall  be  made  to  prevent  damage  to  the  control 
surfaces  (including  tabs)  and  the  control  system 
which  might  result  from  gusts  striking  the  air¬ 
plane  while  it  is  on  the  ground  or  water  (see 
also  sec.  4b.226).  If  a  device  provided  for 
this  purpose,  when  engaged,  prevents  normal 
operation  of  the  control  surfaces  by  the  pilot, 
it  shall  comply  with  the  following  provisions. 

(a)  The  device  shall  either  automatically 
disengage  when  the  pilot  operates  the  primary 
flight  controls  in  a  normal  manner,  or  it  shall 
limit  the  operation  of  the  airplane  in  such  a 
manner  that  the  pilot  receives  unmistakable 
warning  at  the  start  of  takeoff. 

(b)  Means  shall  be  provided  to  preclude  the 
possibility  of  the  device  becoming  inadvertently 
engaged  in  flight. 

4b.327  Static  tests.  Tests  shall  be  con¬ 
ducted  on  control  systems  to  show  compliance 
with  limit  load  requirements  in  accordance  with 
the  following  provisions. 

(a)  The  direction  of  the  test  loads  shall  be 
such  as  to  produce  the  most  severe  loading  in 
the  control  system. 

(b)  The  tests  shall  include  all  fittings,  pulleys, 
and  brackets  used  in  attaching  the  control 
system  to  the  main  structure. 

(c)  Analyses  or  individual  load  tests  shall  be 
conducted  to  demonstrate  compliance  with  the 
special  factor  requirements  for  control  system 
joints  subjected  to  angular  motion.  (See  secs. 
4b.307  and  4b.329  (b).) 

4b.328  Operation  tests.  An  operation 
test  shall  be  conducted  for  each  control  system 
by  operating  the  controls  from  the  pilot  com¬ 
partment  with  the  entire  system  loaded  to  cor¬ 
respond  with  80  percent  of  the  limit  load 
specified  for  the  control  system.  In  this  test 
there  shall  be  no  jamming,  excessive  friction,  or 
excessive  deflection. 

4b.329  Control  system  details;  general. 
All  details  of  control  systems  shall  be  designed 
and  installed  to  prevent  jamming,  chafing,  and 
interference  from  cargo,  passengers,  and  loose 
objects.  Precautionary  means  shall  be  pro- 
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Tided  in  the  cockpit  to  prevent  the  entry  of 
forrign  objects  into  places  where  they  would 
Jam  the  control  systems.  Provisions  shall  be 
made  to  prevent  the  slapping  of  cables  or  tubes 
against  other  parts  of  the  airplane.  The  fol¬ 
lowing  detaU  requirements  shall  be  applicable 
with  respect  to  cable  systems  and  Joints. 

(a)  Cable  sgatems. 

(1)  Cables,  cable  fittings,  tnrnbuckles, 
s^ces,  and  pulleys  shall  be  of  an  approved  type. 

(2)  Cables  smaller  than  }^inch  diameter 
shall  not  be  used  in  the  aileron,  elevator,  or 
rudder  systems. 

(3)  The  design  of  cable  systems  shall  be 
such  t^t  there  will  be  no  hazardous  change  in 
cable  tension  throughout  the  range  of  travel 
under  operating  conditions  and  temperature 
variations. 

(4)  Pulley  types  and  sizes  shall  correspond 
with  the  cables  used. 

(5)  All  pulleys  and  sprockets  shall  be  pro¬ 
vided  with  closely  fitted  guards  to  prevent  the 
cables  and  chains  being  displaced  or  fouled. 

(6)  Pulleys  shall  lie  in  the  plane  passing 
through  the  cable  within  such  limits  that  the 
cable  does  not  rub  against  the  pulley  flange. 

(7)  Fairleads  shall  be  so  installed  that  they 
do  not  cause  a  change  in  cable  direction  of  more 
thanS**. 

(8)  Clevis  pins  (excluding  those  not  sub¬ 
ject  to  load  or  motion)  retained  only  by  cotter 
jpns  shall  not  be  used  in  the  control  system. 

(9)  Tnmbnckles  attached  to  parts  having 
angular  motion  shall  be  installed  to  prevent 
positively  any  binding  throughout  the  range  of 
travel. 

(10)  Provision  for  visual  inspection  shall 
be  made  at  all  fairleads,  pulleys,  terminals,  and 
tnmbnckles. 

(b)  Joints. 

(1)  Control  system  Joints  subjected  to 
angular  motion  in  pnsh-pnll  systems,  excepting 
bidl  and  roller  bearing  systems,  shall  incorpor¬ 
ate  a  special  factor  of  not  less  than  3.33  with 
respect  to  the  ultimate  bearing  strength  of  the 
softest  material  used  as  a  bearing. 

(2)  It  shall  be  acceptable  to  reduce  the 
factmr  specified  in  subparagraph  (1)  of  this 
paragraph  to  a  value  of  2.0  for  Joints  in  cable 
ctmtrd  systems. 


(3)  The  approved  rating  of  ball  and  roller 
bearings  shall  not  be  exceeded. 

4b.329-l  Installation  of  tumbuckles  {FAA 
policies  which  apply  to  sec.  4h.S29  (a)).  Fork 
ends  of  tumbuckles  should  not  be  attached 
directly  to  control  surface  horns  or  to  bellcrank 
arms  unless  a  positive  means  (such  as  the  use 
of  shackles,  links,  universal  joints,  spacer 
bushings,  ball  bearings,  etc.)  is  used  to  prevent 
binding  of  tumbuckles  relative  to  the  horns  or 
bellcrank  arms  or  unless  it  can  be  shown  that 
tumbuckles  have  adequate  strength  assuming 
one  end  fixed  to  the  horn  or  arm  and  the  design 
cable  loads  pulling  off  the  other  end  at  5°  to 
the  turnbuckle  axis.  There  should  be  no 
interference  between  the  horns  or  bellcrank 
arms  and  the  fork  ends  of  tumbuckles  through¬ 
out  the  range  of  motion  of  the  control  surfaces. 

(20  F.  R.  2278,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

4b.329-2  Safetyvng  of  tumbuckles  {FAA 
policies  which  apply  to  sec,  4b. 329).  Section 
4b.300  requires  in  part  that  there  be  no  design 
features  or  details  which  experience  has  shown 
to  be  hazardous  or  unreliable.  Experience  has 
shown  that  the  reliabUity  of  tumbuckles  should 
be  insured  by  safetying  with  wire  as  shown  in 
figure  5.  After  safetying  the  turnbuckle,  no 
more  than  three  threads  should  be  exposed  on 
either  side  of  the  turnbuckle  barrel  and  the 
ends  of  each  safety  wire  should  be  securely 
fastened  by  at  least  four  wraps.  A  turnbuckle 
safetying  guide  is  given  in  table  1  (see  page  95). 

4b.329-3  Approval  of  control  system  com¬ 
ponents  {FAA  policies  which  apply  to  sec. 
4b. 329  {a)).  The  Administrator  does  not  issue 
specific  approvals  as  such  for  cables,  cable 
fittings,  tumbuckles,  splices,  pulleys,  etc.,  for 
general  use  on  aircraft.  Approval  is  limited  to 
its  use  as  part  of  a  specific  airplane  design. 
Conformance  with  established  industry  or 
military  specifications  or  adequate  substantia¬ 
tion  of  the  manufacturer’s  own  design,  are  the 
procedures  utilized  in  complying  with  the 
“approved  type”  requirement. 

(20  F.  R.  2279,  Apr.  8,  1955,  effective  Apr.  30, 
1966.) 

4b.329-4  Cahle  terminals  {FAA  policies 
which  apply  to  sec.  4^-329  (a)).  The  selection  of 
cable  terminal  locations  and  their  proximities 
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Minimum  Breaking  Strength, 
Founds 


Diam- 


Cable  aise 


MIL-O-1611 
Steel  (Cartran) 
Flexible,  Pre¬ 
formed 


Resisting)  Flexi¬ 
ble,  Prdormed 


7x7 


7x  19 


7x7 


7x  19 


Type  of 
wrap 


eter  of 
safety 
wire 


Material  (Annealed 
Condition) 


Inch 

K. . 

. 


480 

920 


Ks  and  greater. 
Kt  and  greater. 


2000 

2000 

2800 

2800 


480 


Single - 


920 


Single _ 


1760 

1760 

2400 

2400 


Single _ 

Double. -- 

Double..- 

Double... 


Inch 

0.040 

.040 

.040 

.040 

.040 

.05i 


Copper,  brass,  galvanised  or 
tinned  steel,  soft  iron,  or 
monel. 

Copper,  brass,  galvanised  or 
tinned  steel,  soft  iron,  or 
monel. 

Stainless  steel. 

Copper,  brass,  galvanised  or 
tinned  steel,  soft  iron,  or 
monel. 

Galvanised  or  tinned  steel, 
soft  iron,  stainless  steel,  or 
monel. 

Copper,  brass. 


NOTES 

1.  The  swaged  and  unswaged  tumbuokle  assemblies  are  covered  by  AN  Standard  Drawings. 

2.  Certain  oi  the  AN  Std.  swaged  terminal  parts  specify  a  safety  wire  hole  sise  of  .047  in.  nis  hole  may  be 

reamed  sufficiently  to  accomodate  the  .040  and  .051  diameter  wires. 

3.  The  double  wrap  procedure  given  in  Navy  Specification  PO-42A,  Amendment  No.  1,  or  the  safetying  procedure 

deatoibed  by  [Military  Standard  Drawing  MS33591  (ASG)],  may  be  used  in  lieu  of  the  method  shown  in 
Figure  6. 

(20  F.  R.  2278,  Apr.  8,  1955,  effective  Apr.  30,  1955;  [amended  27  F.  R.  2986,  Mar.  30,  1962,  effective  May  3, 
1962.]) 


should  minimize  the  possibility  of  interferences 
with  structure,  fairleads,  other  terminals,  etc., 
and  the  possibility  of  pairing  wrong  cables 
durii^  maintenance  or  overhaul. 

(20  F.  R.  2279,  Apr.  8,  1955,  effective  Apr.  30, 
1955.) 

4b.329-5  Bellerank  and  idler  installation 
{FAA  policies  which  apply  to  sec.  4b.Si9  (5)). 
The  design  of  such  items  as  bellerank  arms,  tab 
drums,  idlers,  etc.,  should  minimize  the  possi¬ 
bility  of  inadvertent  installation  in  the  reversed 
direction,  or,  as  an  alternative,  to  preclude  the 
possibility  of  jamming  or  interference  that 
mi^t  result  from  such  reversed  installation. 

(20  F.  R.  2279,  Apr.  8,  1955,  effective  Apr.  30, 
1965.) 

4b.329-d  Ball  and  roller  hearings  (FAA 
pdieies  which  apply  to  see.  4h’8t9  (b)  (8)).  The 
"approved  ratings"  of  ball  and  roller  bearings 
referred  to  are  the  ratii^  established  in 


PdILr-HDBK-5]  “Strength  of  Metal  Air¬ 
craft  Elements". 

(20  F.  R.  2279,  Apr.  8,  1955,  effective  Apr.  30, 
1955;  [amended  27  F.  R.  2986,  Mar.  30, 1962,  effective 
May  3,  1962.]) 


Landing  Gear 

4b.330  General.  The  requirements  of  sec¬ 
tions  4b.331  through  4b.338  shali  ap^y  to  the 
com|dete  landing  gear. 

4b.331  Shock  absorbers. 

(a)  The  shock  absorbing  elements  for  the 
main,  nose,  and  taU  wheel  units  shall  be  sub¬ 
stantiated  by  the  tests  spedfled  in  section 
4b.332. 

(b)  The  shock  absorlnng  aldUty  of  the  land¬ 
ing  gear  in  tailing  shall  be  demonstrated  by  the 
tests  prescribed  in  section  4b.l72. 

4b.332  Landing  gear  tests.  The  landing 
gear  shall  withstand  the  following  tests. 
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(a)  Shock  absorption  tests. 

(1)  It  shall  be  demonstrated  by  energy  ab¬ 
sorption  tests  that  the  limit  load  factors  selected 
for  desi^  in  accordance  with  section  4b.230  (b) 
for  take-off  and  landing  weights,  respectively, 
will  not  be  exceeded. 

(2)  In  addition  to  the  provisions  of  sub¬ 
paragraph  (1)  of  this  paragraph,  a  reserve  of 
energy  absmrption  shall  be  demonstrated  by  a 
test  simulating  an  airplane  descent  velocity  of 
12  f.  p.  s.  at  design  landing  weight,  assnming 
wing  lift  not  greater  than  the  airplane  weight 
acting  daring  the  landing  impact.  In  this  test 
the  landing  gear  shall  not  fail.  (See  paragraph 
(c)  of  this  section.) 

(b)  Limit  drop  tests. 

(1)  If  compliance  with  the  limit  landing 
conditions  specified  in  paragraph  (a)  (1)  of  this 
section  is  demonstrated  by  free  drop  tests,  these 
shall  be  conducted  on  the  complete  airplane,  or 
on  units  consisting  of  wheel,  tire,  and  shock 
absorber  in  their  proper  relation.  The  free 
drop  heights  shall  not  be  less  than  the  following : 

(i)  18.7  inches  for  the  deedgn  landing 
weight  conditions, 

(ii)  6.7  inches  for  the  design  takeoff 
weight  conditions. 

(2)  If  wing  lift  is  simulated  in  free  drop 
tests  the  landing  gear  shall  be  dropped  with  an 
effective  mass  equal  to: 

where: 

ir,=the  effective  weight  to  be  used  in  the 
drop  test  (lbs.), 

h= specified  free  drop  height  (inches), 

4l=deflection  under  impact  of  the  tire  (at 
the  approved  inflation  pressure) 
l^us  the  vertical  component  of  the 
axle  travel  relative  to  the  drop  mass 
(inches), 

W=Wii  fw  main  gear  units  (lbs.),  equal 
to  the  static  weight  on  the  partic^ar 
unit  with  the  airplane  in  the  level 
attitude  (with  the  nose  wheel  clear 
in  the  case  of  nose  wheel  type  air- 
^anes), 

W=  Wt  tor  tiul  gear  units  (lbs.),  equal  to 
the  static  weight  on  the  taU  unit 
with  the  air^ane  in  the  taU-down 
attitude. 


W=Wj,f  for  nose  wheel  units  (lbs.),  equal 
to  the  vertical  component  of  the 
static  reaction  which  would  exist  at 
the  nose  wheel,  assuming  the  mass 
of  the  airplane  acting  at  the  center 
of  gravity  and  exerting  a  force  of 
l.Og  downward  and  0.25g  forward, 

L=the  ratio  of  the  assumed  wing  lift  to 
the  airplane  weight,  not  in  excess 
of  1.0. 

(3)  The  attitude  in  which  a  landing  gear 
unit  is  drop  tested  shall  simulate  the  airplane 
landing  condition  critical  for  the  unit. 

(4)  The  value  of  d  used  in  the  computation 
of  W,  in  subparagraph  (2)  of  this  paragraph 
shall  not  exceed  the  value  actually  obtained 
in  the  drop  test. 

(c)  Reserve  energy  absorption  drop  tests. 

(1)  If  comidiance  with  the  reserve  energy 
absorption  condition  specified  in  paragraph  (a) 
(2)  of  this  section  is  demonstrated  by  free  drop 
tests,  the  landing  gear  units  shall  1^  dropped 
from  a  free  drop  height  of  not  less  than  27 
inches. 

(2)  If  wing  lift  equal  to  the  airplane  weight 
is  simulated,  the  units  shall  be  dropped  with 
an  effective  mass  equal  to: 

"'•=KrT3> 

where  the  symbols  and  other  details  are  the 
same  as  in  paragraph  (b)  of  this  section. 

4b.333  Limit  load  factor  determination. 

(a)  In  determining  the  airplane  inertia  limit 
load  factor  n  from  the  free  drop  tests  specified 
in  section  4b.332,  the  following  formula  shall 
be  used: 

n=n,:^+Li 

where: 

n^=the  load  factor  daring  impact  devel¬ 
oped  on  the  mass  used  in  the  drop 
test  (i.  e.,  the  acceleration  dv/dt  in 
g’s  recorded  in  the  drop  test  plus 
1.0).  (See  sec.  4b.332  (b)  (2)  for 
explanation  of  W„  W,  and  L). 

(b)  The  value  of  n  determined  in  paragraph 
(a)  of  this  section  shall  not  be  greater  than  the 
limit  load  factor  used  for  the  landing  conditions. 
(See  see.  4b.230  (b).) 
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4b.334  Retracting  mechaniem. 

(a)  General. 

(1)  The  landing  gear  retracting  media* 
niam,  wheel  well  doors,  and  supporting  strnc* 
tore  shall  he  dedgned  for  the  loads  occorring  in 
the  flight  conditions  when  the  gear  is  in  the 
retracted  position,  and  for  the  combination  of 
friction,  inertia,  brake  torque,  and  air  loads 
occnrring  daring  retraction  and  extension  at 
anj  air  speed  up  to  1.6  Vai  (flaps  in  the  ap* 
proach  portion  at  design  landing  weight),  and 
any  load  factor  np  to  those  specified  in  section 
4b.212  for  the  flaps  extended  condition. 

(2)  The  landing  gear,  the  retracting 
mechanism,  and  the  airplane  strnctnre  includ¬ 
ing  wheel  well  doors  shall  be  designed  to  with¬ 
stand  the  flight  loads  occurring  with  the  landing 
gear  in  the  extended  position  at  any  speed  up  to 
0.67  Vet  unless  other  means  are  provided  to 
decelerate  the  airplane  in  flight  at  tUs  speed. 

(3)  Landing  gear  doors,  their  operating 
mechanism,  and  their  supporting  structure 
shall  be  designed  for  the  conditions  of  air  speed 
and  load  factm  prescribed  in  subparagraphs  (1) 
and  (2)  of  this  paragraph,  and  in  addition  they 
shall  be  designed  for  the  yawing  maneuvers 
prescribed  for  the  idr{dane. 

(b)  Landing  gear  lock.  A  positive  means 
shall  be  provided  for  the  purpose  of  maintaining 
the  landing  gear  in  the  extended  position.  A 
means  shall  be  iwovided  to  prevent  the  retrac¬ 
tion  of  the  landing  gear  while  the  airplane  is  on 
the  ground. 

(c)  Emergency  operation.  Emergency 
means  of  extending  the  landing  gear  shall  be 
provided,  bo  that  the  landing  gear  can  be 
extended  in  the  event  of  any  reasonably  prob¬ 
able  failure  in  the  normal  retraction  system, 
fri  any  case  the  emergency  system  shall  provide 
for  the  faflnre  of  any  single  source  of  hydraulic, 
electric,  w  equivalent  energy  snpidy. 

(d)  Operation  test.  Proper  functioning  of 
the  landing  gear  retracting  mechanism  shall  be 
demonstrated  by  operation  tests. 

(e)  PoBition  indicator  and  warning  device. 

(1)  When  a  retractable  landing  gear  is 

used,  means  shall  be  provided  for  indicating  to 
the  pOot  when  the  gear  is  secured  in  the  ex¬ 
tended  and  in  the  retracted  poidtions. 

[Note:  An  acceptable  metbod  for  indlcatinp  to  the 
pilot  when  the  landing  gear  ia  secured  In  the  extended 
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and  in  the  retracted  portions  is  by  means  of  lights. 
For  example,  landplanes  may  display  a  green  light 
when  the  landing  gear  is  down  and  locked;  a  red  light 
to  indicate  an  intermediate  or  unlocked  landing  gear 
position:  and  “all  lights  out"  when  the  landing  gear 
is  up  and  locked.  An  acceptable  method  for  sensing 
when  the  landing  gear  is  secured  in  the  extreme  posi¬ 
tions  is  to  locate  the  sensing  devices  so  that  they  are 
operated  by  the  landing  gear  locking  latch.J 

(2)  In  addition  to  the  requirement  of  sub¬ 
paragraph  (1)  of  this  paragraph,  land^anes 
shall  be  provided  with  an  aural  warning  device 
which  will  function  continuously  when  [one  or 
morej  throttles  are  closed  if  the  gear  is  not 
fully  extended  and  locked. 

(3)  If  a  manual  shutoff  for  the  warning 
device  prescribed  in  subparagraph  (2)  of  this 
paragraph  is  provided,  it  shall  be  installed  so 
that  reopening  the  throttles  will  reset  the  warn¬ 
ing  mechanism. 

(f)  Control.  The  location  and  operation  of 
the  landing  gear  retraction  control  shall  be 
according  to  the  provisions  of  section  4b.353. 

[(g)  Protection  of  equipment  in  wheel 
wells.  Equipment  located  in  wheel  wells, 
which  is  essential  to  safe  operation  of  the  air¬ 
plane,  shall  be  protected  from  the  damaging 
effects  of  a  bursting  tire  unless  it  is  shown  that 
a  tire  cannot  burst  from  overheat,  or  from  the 
damaging  effects  of  a  loose  tire  tread  unless  it 
is  shown  that  a  loose  tire  tread  cannot  cause 
damage.] 

[(Amendment  4b-12,  published  27  F.B.  298S,  Mar' 
3,  1M2,  effective  May  3,  1962.)J 

4b.334-l  Procedure  for  testing  landing  gear 
retracting  system  {FAA  policies  which  apply  to 
sec.  4b.SS4). 

(a)  General,  section  4b.SS4  (a).  The  ability 
to  extend  and  retract  the  landing  gear  at  a 
speed  of  at  least  1.6  Vs,  should  be  demonstrated. 
If  no  other  satisfactory  means  of  decelerating 
the  airplane  are  provided  (such  as  dive  brakes 
or  other  high  drag  devices),  the  ability  of  the 
landing  gear  retracting  mechanism  and  wheel 
well  doors  to  withstand  the  flight  loads  should 
be  demonstrated  under  the  following  conditions: 

Power  required  for  level  flight. 

Airspeed,  at  least  0.67  Vc. 

Landing  gear  extended. 

(b)  Emergency  operation,  section  4b.SS4  (c). 
Extending  tbe  landing  gear  by  use  of  the  emer¬ 
gency  system  for  demonstrating  compliance 
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with  the  requirement  of  this  section  may  be 
accomplished  during  other  tests  in  the  flight 
program. 

(c)  Operation  teet,  section  ib.SS4  (d).  The 
time  required  to  retract  the  landing  gear  at 
speed  Ft  (see  sec.  4b.ll6  (b))  should  be  demon¬ 
strated  in  flight  under  the  following  conditions: 

Weight — optional. 

C.  G.  poution — optional. 

Operating  engine(s) — takeoff  power. 

Critical  inoperative  engine — propeller 
windmilling  on  engine  most  critical  from 
the  gear  retraction  standpoint. 

It  is  also  desirable  to  obtain  the  time  required 
to  extend  the  landing  gear  for  purposes  of 
information. 

(19  F.  R.  4961,  July  20,  1954,  effective  Sept.  1, 
1964.) 

4b.334r-2  Landing  gear  position  indicator 
stoitehes  (FAA  interpretations  which  apply  to 
see.  JibJSSJi  (e)).  The  phrase  “means  shall  be 
provided  for  indicating  to  the  pilot”  includes  a 
landing  gear  position  mdicator  as  well  as  the 
switches  necessary  to  actuate  such  indicator. 
The  switches  must  be  so  located  and  coupled  to 
the  landing  gear  mechanical  system  as  to 
preclude  the  possibility  of  an  erroneous  indica¬ 
tion  of  “down  and  locked”  if  the  landing  gear 
is  not  in  a  fully  extended  position,  or  “up  and 
locked”  if  the  landing  gear  is  not  in  the  com- 
{detely  retracted  position.  Location  of  the 
switchee  so  that  they  are  operated  by  the 
actual  landing  gear  locking  latch  or  device  is 
an  acceptable  method  of  compliance  with  the 
requirements  of  this  section. 

(21  F.  R.  2747,  Apr.  28,  1956,  effective  May  25, 
1956.) 

4b.3S5  Wheels.  Main  wheels  and  nose 
iHieels  shaD  be  an  an^oved  type.  The 
fidlowing  proTisimis  shaD  apjdy. 

(a)  The  nuudninm  static  load  rating  of  each 
nuin  wheel  and  nose  wheel  shall  not  be  less 
than  the  correqNmding  static  ground  reaction 
nado’  the  design  takeoff  weight  of  the  airplane 
and  the  critical  center  of  gravity  position. 

(b)  The  aiaximnni  Umit  load  rating  of  each 
nuin  wheel  and  nose  wheel  shall  not  be  less 
than  the  nuximum  radial  limit  load  determined 
in  accordance  with  the  appiieable  gronnd  load 


requirements  of  this  part  (see  secs.  4b.230 
through  4b.236). 

(e)  The  brake  kinetic  energy  capacity  rating 
of  each  main  wheel-brake  assembly  shall  not 
be  less  than  the  kinetic  energy  absorption  re¬ 
quirement  determined  in  accordance  with  this 
paragraph.  The  brake  kinetic  energy  absorp¬ 
tion  requirements  shall  be  based  on  a  rational 
analysis  of  the  sequence  of  events  which  are 
expected  to  occur  during  operational  landings  at 
maximum  landing  weight.  This  analysis  shall 
include  conservative  values  of  airplane  speed 
at  which  the  brakes  are  applied,  braking  co¬ 
efficient  of  friction  between  tires  and  runway, 
aerodynamic  drag,  propeller  drag  or  powerplant 
forward  thrust,  and  if  more  critical,  the  most 
adverse  single  engine  or  propeller  malfunction. 
In  lien  of  a  rational  analysis  it  shall  be  accept¬ 
able  to  establish  the  kinetic  energy  absorption 
requirements  for  each  main  wheel  brake  as¬ 
sembly  by  the  following  formula: 


KB-- 


0.0334 WF,,* 

: — ^ ; 


where: 


kinetic  energy  per  wheel  (ft.  lb.); 

If=design  landing  weight  (lb.); 

power-off  stalling  speed  of  the  airplane 
(mph)  at  sea  level  at  the  design 
landing  weight  and  in  the  landing 
configuration; 
number  of  main  wheels. 


Note:  The  expresaioii  for  kinetic  energy  nssnmes  nn 
eqnal  distribution  of  brnUng  between  main  wheels. 
In  cases  of  nnesnal  distribution  the  ezprosrion  requires 
appropriate  modification. 

(d)  The  minimum  stalling  speed  rating  of 
each  main  wheel-brake  assembly,  i.  e.,  the 
initial  speed  used  in  the  dynamometer  tests, 
shall  not  be  greater  than  the  F«g  used  in  the 
determination  of  kinetic  energy  in  accordance 
with  paragraph  (c)  of  this  section. 

Nots:  The  provision  of  this  paragraph  is  baaed  upon 
the  assumption  that  the  testing  procedures  for  wheel- 
brake  assemblies  involve  a  specified  rate  of  decelera¬ 
tion,  and,  therefore,  for  the  same  amount  of  UneUe 
energy  the  rate  of  energy  absorption  (the  power 
absorbing  ability  of  the  brake)  varies  invm'sely  with  the 
initial  speed. 


4b.336  Tires.  Landing  gear  tires  shall  be 
of  a  proper  fit  on  the  rim  of  the  wheel,  and  of 
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load  ratings  which  are  not  exceeded  under  (Le 
following  conditions: 

(a)  Main  wheel  tires:  Equal  static  loads  on 
aU  iwstw  wheel  tires  corresponding  with  the 
most  oritieal  combination  of  maximum  takeoff 
wdght  and  center  of  gravity  position. 

(b)  Nose  wheel  tires:  Equal  loads  on  aU  nose 
whed  tires  corresponding  with  the  following 
cimditions: 

(1)  The  static  ground  reaction  per  tire 
emrrespmiding  with  the  most  critical  combina* 
tkm  of  takeoff  weight  and  center  of  gravity 
position.  This  load  shall  correspond  with  the 
static  rating  of  the  tire. 

(2)  The  dynamic  ground  reaction  per  tire 
at  maximum  landing  weight,  assuming  the  mass 
ci  the  airplane  concentrated  at  the  most  critical 
locatimi  of  the  center  of  gravity  for  this  weight 
and  exerting  a  force  of  l.Og  downward  and  0.31g 
forward,  the  reactions  being  distributed  to  the 
nose  and  wheels  by  the  princi|des  of  statics 
with  a  0.31g  drag  reaction  at  the  ground  applied 
at  those  wheels  which  have  brakes.  This  load 
ahall  correspond  with  the  dynamic  rating  of  the 
tire. 

(3)  The  dynamic  ground  reaction  per  tirh 
at  desifpi  takeoff  weight,  assuming  the  mass  of 
the  airplane  concentrated  at  the  most  critical 
location  at  the  center  of  gravity  for  this  wmght 
and  exerting  a  force  of  l.Og  downward  and  0.20g 
forward,  the  reactions  being  distributed  to  the 
nose  and  main  wheels  by  the  principles  of 
statics  with  a  0.20g  drag  reaction  at  the  ground 
aj^ed  at  those  wheels  which  have  brakes. 
Iliis  load  shall  correspond  vrith  the  dynamic 
rating  of  the  tire. 

4b.337  Brakes. 

(a)  General. 

(1)  The  air^ane  shaU  be  equipped  with 
brakes  of  an  approved  type.  The  bndce  ratings 


shall  be  in  accordance  with  section  4b.335  (c) 
and  (d). 

(2)  The  brake  system  shall  be  so  designed 
and  constructed  that  in  the  event  of  a  single 
failure  in  any  connecting  or  transmitting 
element  in  the  brake  system  (excluding  the 
operating  pedal  or  handle),  or  the  loss  of  any 
single  source  of  hydraulic  or  other  brake 
operating  energy  supply,  it  shall  be  possible  to 
bring  the  airplane  to  rest  under  conditions 
specified  in  section  4b.  122  with  a  mean 
deceleration  during  the  landing  roll  of  at  least 
50  percent  of  that  obtained  in  determining  the 
landing  distance  as  prescribed  in  that  section. 

(3)  In  applying  the  requirement  of  sub* 
paragraph  (2)  of  this  paragraph  to  hydraulic 
brakes,  the  brake  drum,  shoes,  and  actuators 
(or  their  equivalents)  shall  be  considered  as 
connecting  or  transmitting  elements,  unless  it 
is  shown  that  the  leakage  of  hydraulic  fluid 
resulting  from  failure  of  the  sealing  elements 
in  these  units  would  not  reduce  the  braking 
effectiveness  below  that  specified  in  sub¬ 
paragraph  (2)  of  this  paragraph. 

(b)  Brake  controls.  Brake  controls  shall 
not  require  excessive  control  forces  in  their 
operation. 

(c)  Parking  brake  controls.  A  parking 
brake  control  shall  be  provided  and  installed 
so  that  it  can  be  set  by  the  pilot  and,  without 
further  attention,  will  maintain  sufficient  brak¬ 
ing  to  prevent  the  airplane  from  rolling  on  a 
paved,  level  runway  while  takeoff  power  on  the 
critical  engine  is  being  applied. 

(d)  Antiskid  devices.  If  antiskid  de¬ 
vices  are  installed,  the  devices  and  associated 
systems  shall  be  such  that  no  single  probable 
malfunction  will  result  in  a  hazardous  loss  of 
braking  ability  m  directional  control  of  the 
airplane. 


Discussion  of  Policies  Relating  to  Brake  Tests  in  Section  4b.337-l 

The  requirements  of  section  4b.337  are  based  upon  the  fact  that  compliance 
with  the  operating  rules  of  section  40.70  of  this  subchapter  will  require  great  de¬ 
pendence  upon  the  presence  and  proper  functioning  of  brakes  unless  the  runways 
involved  are  unusually  long. 

The  nature  and  extent  of  the  tests  to  show  compliance  with  section 
4b.337  (a)  will  necessarily  depend  upon  a  great  many  things  such  as  the  general 
arrangement  of  the  landing  gear,  the  design  of  the  brake  system,  the  extent  to 
which  the  capacity  of  the  brakes  is  used  in  establishing  the  landing  distance 
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required  by  section  4b.  122,  the  amount  of  available  performance  data  for  the 
brakes,  etc.  The  simplest  possible  procedure  appears  to  be  to  determine  the 
average  deceleration  during  a  landing  ground  roll  without  the  use  of  brakes  and 
then  establish  the  landing  distance  required  by  section  4b.  122  by  using  the 
brakes  to  the  extent  necessary  to  double  the  mean  deceleration  so  established. 
It  appears  likely,  however,  that  this  procedure  would  result  in  excessive  landing 
distance  and  might  seriously  limit  the  use  of  the  airplane  in  operation. 


4b.337-l  Brake  tests  {FAA  policies  which  ap¬ 
ply  to  see.  4^.SS7).  If  it  is  desired  by  the  ap¬ 
plicant  to  make  the  maximum  possible  use  of 
the  brakes  in  establishing  the  landing  distance, 
and  if  also  the  contribution  of  the  brakes  to  the 
total  deceleration  is  relatively  large,  the  brake 
^tem  should  be  designed  to  permit  the  appli¬ 
cation  of  slightly  less  than  half  the  braJ^g 
deceleration  developed  under  the  conditions 
specified  in  this  section.  The  following  dual 
system  is  recommended:  Dual  wheel  elements 
(drums  or  disc  units),  transmitting  elements, 
power  sources,  master  cylinders,  etc.,  connected 
to  a  single  pedal  on  each  rudder  pedal,  such  that 
the  failure  of  any  single  one  of  these  would 
leave  half  the  total  braking  capacity  symmetri- 
caUy  disposed  about  the  plane  of  symmetry  of 
the  airplane.  With  such  a  system  it  should  be 
possible  to  show  compliance  with  section 
4b.337  (a)  by  means  of  calculation  basud  upon 
the  test  data  necessary  to  establish  the  . landing 
distance  plus  the  brake  data  calculated  by  the 
aircraft  manufacturer. 

If  the  system  is  designed  so  that  under  the 
conditions  here  specified  appreciably  less  than 
half  the  total  braking  capacity  remains  or  if  the 
remaining  capacity  is  asymmetrically  disposed, 
tests  should  be  conducted  to  determine  that 
half  the  mean  deceleration  may  in  f^t  be  de¬ 
veloped  and/or  that  the  airplane  may  be  safely 
controlled  directionally  while  doing  so. 

(a)  Rescinded. 

(b)  Brake  controls,  section  41>  SS7  (6).  Gen- 
nal  brake  control  force  and  operation  should 
be  noted  throughout  the  flight  test  program  to 
determine  that  they  are  satisfactory. 

(c)  Parking  brake  controls,  section  4h.SS7  (e). 
During  engine  runup  prior  to  takeoff  for  other 
tests,  the  parking  brake  control  should  be  set, 
and  without  further  attention,  a  demonstration 
diould  be  made  to  determine  that  sufficient 
braking  is  maintained  to  prevent  the  airplane 


from  rolling  on  a  paved  runway  while  takeoff 
power  is  applied  on  the  most  critical  engine. 

(19  F.  R.  4461,  July  20,  1954,  efifective  Sept.  1,  1954; 
amended  22  F.  R.  69^,  Aug.  29, 1957,  effective  Sept.  15, 
1957.) 

4b.337-2  Brake  systems  {FAA  policies 
which  apply  to  sec.  4h.SS7) .  In  order  to  obtain  a 
minimum  landing  distance  under  section  4b.l22 
and  at  the  same  time  meet  the  deceleration 
requirement  of  section  4b.337  (a)  (2)  in  event 
of  failure  of  the  normal  brake  system,  it  is  a 
common  practice  to  provide  an  alternate  brake 
system.  When  hydraulic  (or  pneumatic)  brakes 
are  used  in  the  norma)  brake  system,  this 
alternate  means  usually  consists  of  a  duplicate 
hydraulic  or  pneumatic  brake  system  and  is 
commonly  referred  to  as  the  “emergency  brake 
system.”  The  following  items  should  be  con¬ 
sidered  in  the  design  of  such  sj'stems: 

(a)  ReleUioTiship  between  normal  and  emer¬ 
gency  brake  systems.  The  systems  for  actuating 
the  normal  brake  and  the  emergency  brake 
should  be  so  separated  that  a  failure  in,  or  the 
leakage  of  fluid  from,  one  system  will  not  render 
the  other  system  inoperative.  A  hydraulic 
brake  assembly  may  be  common  to  both  the 
normal  and  emergency  brake  systems  if  it  is 
shown  that  the  leakage  of  hydraulic  fluid  re¬ 
sulting  from  failure  of  the  sealing  elements  in 
the  brake  assembly  would  not  reduce  the  brak¬ 
ing  effectiveness  below  that  specified  in  section 
4b.337  (a)  (2). 

(b)  Brake  control  valves.  In  the  normal  brake 
system  of  all  aircraft,  the  brake  control  valves 
should  be  of  a  type  such  that  the  pilots  may 
exercise  variable  control  of  the  pressure  to  the 
brakes.  The  foregoing  provision  need  not 
necessarily  apply  to  the  emergency  brake 
systems  although  obviously  such  a  provision 
would  be  desirable.  Flight  tests  should  be  con¬ 
ducted  to  determine  that  the  normal  and  emer- 
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gency  brake  systems  fulfill  the  requirements  of 
section  4b.  170  (a)  and  (b). 

In  the  normal  brake  systems  of  tail  wheel 
type  aircraft  or  of  nose  wheel  type  aircraft 
equipped  with  nonsteerable  nose  wheels,  pro¬ 
visions  should  be  made  for  independently  con¬ 
trolling  the  brakes  on  either  side  of  the  main 
Unding  gear  in  order  that  directional  control 
of  the  aircraft  can  be  maintained.  (See  sec. 
4b.l71  .(c).)  In  the  emergency  brake  systems 
of  tail  wheel  type  aircraft  and  in  the  normal 
and  emergency  brake  systems  of  nose  wheel 
type  aircraft,  it  is  desirable  that  independent 
control  of  the  brakes  on  either  side  of  the  land¬ 
ing  gear  be  provided  although  such  control  is 
optional. 

(19  F.  R.  4461,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.337-3  Replacement  or  modified  brakes 
(JFAA  policies  which  apply  to  sec.  4b.SS7). 

(a)  General.  Replacement  or  modified  brake 
installations  may  be  approved  on  the  basis  of 
dynamometer  tests  together  with  functional 
flight  tests  in  lieu  of  measured  accelerate-stop 
and  landing  distance  flight  tests  if  the  decelerate 
performance  based  on  dynamometer  data  is 
shown  to  be  equal  to  or  better  than  the  original 
airplane  flight  test  decelerate  performance. 
Dynamometer  tests  which  simulate  actual  air¬ 
plane  decelerate-distance  tests  may  incorporate 
variable  kinetic  energy  absorption  rates  simulat¬ 
ing  flight  test  deceleration  conditions,  and  may 
indude  an  energy  allowance  for  the  aerodynamic 
drag  of  the  airplane  which  occurs  during  the 
decderation  portion  of  the  accderate-stop  and 
landing  runs.  However,  if  any  improvement  in 
decderate  performance  over  that  shown  in  the 
original  Airplane  Flight  Manual  is  desired,  then 
this  policy  is  inapplicable  and  complete  air¬ 
plane  flight  tests  wiU  be  required. 

(1)  The  procedures  of  paragraphs  (c) 
through  (g)  of  this  section  may  be  used  for 
substantiating  replacement  or  modified  brake 
installations  and  may  be  applied  to  approved 
brakes  of  any  manufacturer.  The  replacement 
brake  does  not  have  to  be  manufactured  by 
the  maker  of  the  original  brake. 

(2)  Brakes  which  have  been  approved 
under  TSO  or  preceding  approval  standards 
(whichever  is  pertinent)  may  be  approved  as  a 


replacement  brake  on  an  existing  airplane  type 
upon  the  presentation  of  test  reports  and  other 
pertinent  computations  showing: 

(i)  That,  insofar  as  deceleration  perform¬ 
ance  is  concerned,  the  replacement  or  modified 
brakes  are  equal  to  or  better  than  the  original 
brake  installation  on  the  basis  of  dynamometer 
tests  contained  in  this  section,  and 

(ii)  That,  the  replacement  or  modified 
brakes  when  installed  on  the  airplane,  comply 
with  the  ground  handling  requirements  of 
section  4b.  170. 

(b)  Brake  modifications.  Modifications  to  a 
previously  approved  wheel-brake  installation 
involving  changes  to  component  parts  which 
will  involve  variations  in  kinetic  energy  absorp¬ 
tion  characteristics  should  be  subjected  to  the 
dynamometer  tests  contained  in  subparagraph 
(1).  of  this  paragraph  in  addition  to  the  dyna¬ 
mometer  tests  specified  in  paragraphs  (e)  and 
(f)  of  this  section  for  the  accelerate-stop  and 
landing  conditions  and  should  also  include  a 
check  of  operating  and  ground  handling  charac¬ 
teristics.  Typical  modifications  which  vary  the 
kinetic  energy  absorption  characteristics  are  as 
follows:  changes  of  brake  lining  material, 
changes  in  brake  discs  or  brake  drum  material, 
reductions  in  friction  surface  plan  dimensions 
(area),  etc. 

(1)  The  minimum  reliability  standards  for 
brakes  referenced  in  TSO-C26  and  contained 
in  Specification  AS227A  should  be  used  as  a 
guide  for  modified  brakes.  However,  section 
5.4.3  of  AS227A  may  be  applied  as  follows  for 
evaluating  such  modifications: 

(i)  Thirty  tests  simulating  the  stopping 
of  an  airplane  at  100  percent  kinetic  energy.* 

(ii)  One  test  simulating  the  stopping  of 
an  airplane  at  125  percent  kinetic  enei^.* 

(c)  Determination  oj  kinetic  energy  require¬ 
ments. 

(1)  In  the  case  of  replacement  brakes  (that 
is,  those  brakes  incorporating  major  design 
differences  from  those  originally  tested  on  the 
airplane)  the  kinetic  energy  (KE)  to  be  ab¬ 
sorbed  on  the  dynamometer  in  compliance  with 

*  Tbe  modifier  of  the  brake  should  substantiate  the  fact  that  the 
original  brake  approval  tests  and  the  tests  specified  In  (I)  and  (Ii)  were 
cmducted  under  similar  conditions  and  that  the  modified  brake  assem¬ 
bly  is  at  least  the  equal  to  that  previously  approved  as  an  equipment 
item  insoto  as  energy  absorption  and  stopping  time  are  concerned. 
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provision  (a)  (2)  of  this  section  should  be  deter¬ 
mined  in  accordance  with  the  following  formula: 

KE^=KE„-}i  KE^ 

where: 

E£wT=ibe  maximum  kinetic  eneigy  as  deter¬ 
mined  from  the  most  critical  com¬ 
bination  of  weight  and  speed  (in 
terms  of  ground  speed).  In  deter¬ 
mining  the  maximum  speed,  the 
effects  of  tailwind,  altitude  and  flap 
setting  should  be  taken  into  account. 

KEa4=the  kinetic  energy  absorbed  by  aero¬ 
dynamic  dri^  of  the  airplane  during 
the  deceleration  portion  of  the  ac- 
celerate-stop  and  landing  runs. 
This  kinetic  eneigy  should  be  deter¬ 
mined  from  available  test  data  of 
the  airplane  or  by  other  reliable  cal¬ 
culations  based  on  the  basic  param¬ 
eters  for  the  type  of  airplane  in¬ 
volved. 

(2)  In  the  case  of  brakes  modified  as  de¬ 
scribed  in  paragraph  (b)  of  this  section  the 
kinetic  energy  to  be  absorbed  on  the  dyna¬ 
mometer  should  be  determined  in  accordance 
with  the  following  formula: 

KEdm=E[E«v — KEad 

(i)  This  formula  should  not  apply  to 
modifications  of  a  replacement  brake  which  has 
been  approved  in  accordance  with  subpara¬ 
graph  (1)  of  this  paragraph.  Such  modifica¬ 
tions  of  a  replacement  brake  should  meet  the 
same  dynamometer  requirements  as  the  replace¬ 
ment  brake  did  when  originally  installed. 

(d)  Dynamometer  test  method. 

(1)  There  should  be  no  artificial  cooling 
of  the  brakes  during  dynamometer  tests. 
Ventilating  air  flowing  normal  to  the  tire  tread 
b  permissible. 

(2)  For  wheel-brake  installations  where 
dual  or  duplex  brakes  are  used,  the  dynamom¬ 
eter  tests  should  be  conducted  on  an  entire 
wheel-brake  unit. 

(3)  Brake  lining  should  not  be  run-in  to  a 
degree  which  would  be  greater  than  the  run-in 
for  new  lining  when  installed  on  an  airplane 
prior  to  being  put  in  regular  airline  service. 

(4)  Due  to  'wing-lift  acting  on  the  airplane, 
the  dynamometer  tests  should  account  for  tire 
rolling  friction  due  to  the  differential  in  braking 


effect  resulting  from  the  varying  rolling  radius  of 
the  tire  on  the  runway'  as  compared  to  the 
constant  tire  radius  at  constant  tire  deflection 
which  occurs  throughout  the  entire  dynamom¬ 
eter  run. 

(5)  The  dynamometer  mass  should  be  cor¬ 
rected  so  that  the  selected  inertia  equivalent 
(I.E.)  will  result  in  a  correct  or  conservative 
kinetic  energy  test  value. 

(6)  During  dynamometer  testing  a  variable 
brake  pressure,  which  does  not  exceed  th;  * 
pressure  which  is  available  from  the  airplani 
brake  system  intended  for  use  with  the  replace¬ 
ment  brake,  should  be  used  in  duplicating  as 
nearly  as  practicable  the  original  airplane 
torque-speed  and  velocity-time  flight  test  data 
corrected  for  aerodynamic  drag  and  tire  rolling 
friction. 

(e)  Accelerate-stop  distance  test.  This  con¬ 
dition  is  normally  the  most  critical  from  a  kinetic 
energy  standpoint.  The  original  flight  test 
accelerate-stop  deceleration  camera  data  ob¬ 
tained  during  the  type  certification  tests  of  the 
airplane  should  be  obtained  and  corrected  for 
aerodynamic  drag  and  tire  rolling  friction. 

(1)  Continuous  records  of  dynamometer 
torque-speed  or  velocity-time  data  for  at  least 
three  of  the  runs,  when  absorbing  the  required 
kinetic  energy  for  the  critical  combination  of 
takeoff  weight  and  Vi  speed,  should  duplicate, 
as  nearly  as  practicL.,  the  original  airplane 
brake  deceleration  data.  These  dynamometer 
records  should  be  converted  to  corrected  and 
faired  velocity  versus  distance  values  and  be 
plotted  and  superimposed  on  the  curve  for  the 
original  airplane  velocity-distance  data,  and 

(2)  The  average  of  the  above  three  cor¬ 
rected  dynamometer  velocity-distance  curves 
should  be  superimposed  on  the  curve  for  the 
original  airplane  velocity-distance  data. 

(3)  The  curves  plotted  in  subparagraphs 
(1)  and  (2)  of  this  paragraph  should  compare 
favorably  with  the  original  corrected  flight  data 
over  the  entire  speed  range  and  should  indicate 
that,  from  any  given  speed,  the  airplane  stop¬ 
ping  distance  would  be  equal  to  or  less  than  the 
distance  resultii^  from  the  original  brake 
installation  at  the  required  kinetic  energy  level 
corresponding  to  the  actual  accelerate-stop  con¬ 
ditions  which  prevailed  during  the  airplane  type 
certification  tests. 
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(4)  If,  in  compliance  with  subparagraph 
(1)  of  this  paragraph,  velocity-time  data  are 
submitted  in  lieu  of  torque-speed  data,  then 
sufficient  spot-check  calculations  of  tlie  velocity- 
time  data  should  be  made  to  insure  an  accuracy 
comparable  to  the  accuracy  of  torque-speed 
data.  Inasmuch  as  torque-speed  data  are  use¬ 
ful  for  airplane  modification  and  design  pur¬ 
poses,  it  is  desirable  that  comparable  and  com¬ 
plete  torque-speed  data  be  included  in  the  data 
submitted. 

(5)  D3mamometer  time  history  recordings 
of  brake  pressure,  torque,  speed,  and  calcula¬ 
tions  for  aerodynamic  drag,  tire  rolling  friction, 
and  dynamometer  mass  correction,  and  all 
pertinent  airplane  data,  should  be  submitted, 
together  with  an  analysis  showing  the  detailed 
calculations  and  charts  necessary  to  establish 
the  speed-distance  relationship  and  comparison 
vnth  the  original  airplane  deceleration  test  data. 

(f)  landing  diatanee  test.  In  order  to  sub¬ 
stantiate  landing  distances,  at  least  three 
dynamometer  runs,  using  the  critical  combina¬ 
tions  of  landing  weight  and  contact  speed, 
should  be  conducted  on  the  same  brake  unit. 
Landing  distance  data,  compiled  in  accordance 
with  the  method  described  in  paragraph  (e)  of 
this  section  for  accelerate-stop  evaluation, 
should  be  submitted.  The  landing  distance 
data,  which  are  comparable  to  those  of  para¬ 
graph  (e)  of  this  section  for  the  accelerate-stop 
data,  should  compare  favorably  with  the  cor¬ 
rected  airplane  flight  test  results  obtained  with 
the  original  brakes  in  order  to  substantiate  the 
adequacy  of  the  replacement  brake.s,  insofar 
as  landing  distances  are  concerned. 

(g)  Aircraft  functional  tests.  The  brakes 
should  be  tested  on  the  airplane  to  determine 
their  functional  characteristics  as  indicated  in 
paragraph  (a)  (2).  Functioning  characteristics 
should  be  observed  during  taxi  and  engine  run¬ 
up  conditions  and  at  least  three  normal  takeoffs 
and  landings,  at  the  maximum  landing  weight, 
should  be  conducted.  During  these  tests,  the 
brakes  should  be  checked  for  any  imdesirable 
characteristics  such  as  “grabbing,"  “fading,” 
etc.,  and  should  at  least  be  visually  inspected, 
without  dismantling,  at  the  completion  of  the 
test  in  order  to  determine  any  evidence  of 
malfunction  or  failure.  If  no  malfunctioning 
has  occurred,  this  visual  inspection  is  adequate, 


but  if  malfunctioning  does  occur,  a  thorough 
inspection  should  be  conducted.  If  any  charac¬ 
teristics  arise  which  indicate  that  stopping 
distances  would  exceed  the  original  values  in 
the  FAA  Approved  Airplane  Flight  Manual, 
then  the  Administrator  may  require  actual 
camera  recorded  airplane  deceleration  tests  or 
any  other  tests  deemed  necessary  to  establish 
the  adequacy  of  the  brakes. 

(19  F.  R.  4463,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.337-4  Antiskid  devices  and  installations 
{FAA  policies  which  apply  to  sec.  4b.S37). 

(a)  Eligibility.  Antiskid  devices  meeting  the 
airworthiness  portions  of  Military  Specification 
MIL-B-8075  (ASG)  and  any  amendments 
thereto,  are  acceptable  for  installation  on  civil 
aircraft.  Requests  for  deviations  from  these 
specifications  should  be  submitted  to  the  FAA 
Regional  Office,  Engineering  and  Manufactur¬ 
ing  Branch.  The  installation  of  the  antiskid 
device  should  comply  with  the  requirements 
specified  in  paragraph  (b)  of  this  section.  The 
antiskid  device  and  its  installation  will  be 
approved  for  use  on  civil  aircraft  when  the 
tests  specified  in  paragraph  (c)  of  this  section 
have  been  satisfactorily  demonstrated. 

(b)  Installation. 

(1)  Daia  required.  An  engineering  evalu¬ 
ation  of  the  antiskid  installation  as  installed 
on  the  airplane,  including  all  necessary  com¬ 
ponents,  should  be  conducted.  This  analysis 
and  complete  descriptive  data  should  be  sub¬ 
mitted  to  the  FAA.  The  data  should  include 
hydraulic  and  electric  schematic  diagrams  of 
the  installation,  assembly  drawings  of  antiskid 
system  units,  test  results  or  stress  analysis 
substantiating  structural  strength  of  attach¬ 
ments  and  modification  of  the  axle  or  other 
structural  members,  installation  drawings,  rec¬ 
ommended  instructions  pertaining  to  installa¬ 
tion,  maintenance  and  operation  and  analysis 
of  flight  test  data  and  results.  Schematic 
drawings  should  refer  to  all  units  in  the  normal 
and  emeigency  brake  systems.  The  engineer¬ 
ing  evaluation  should  also  assure  that  the  anti¬ 
skid  system  does  not  cause  undesirable  and 
adverse  yaw  characteristics. 


”  Propowd  amendments  mar  be  obtained  from  the  Federal  Aviation 
Agency,  Washington  25,  D.  C. 
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(i)  Engineering  evaluation  should  ac¬ 
count  for  a  bounce  condition  wherein  the 
wbeeb  may  leave  the  runway  after  the  brakes 
have  been  applied,  for  a  condition  wherein  the 
wheeb  stay  on  the  runway  but  the  oleos  are 
extended  (if  the  system  utilizes  landing  gear 
oleo  compression  in  its  operation),  and  for  a  con¬ 
dition  in  which  the  wheels  of  one  main  gear  may 
not  be  in  contact  with  the  runway  for  a  con¬ 
siderable  time  while  the  wheels  of  the  other 
main  gear  are  firmly  on  the  runway.  If  the 
antiskid  installation  incorporates  the  ‘‘landing 
with  brake  pedals  depressed”  feature,  then 
this  type  of  operation  should  also  be  considered. 

(ii)  It  should  be  shown  that  the  brake 
cycling  frequency  imposed  by  the  antiskid 
installation  wiU  not  result  in  excessive  loads  on 
the  landing  gear  because  of  proximity  to  reso¬ 
nant  landing  gear  frequencies. 

(2)  Systems.  The  entire  brake  system 
(including  both  the  basic  brake  system  and  the 
antiskid  system)  should  conform  to  section 
4b.337.  The  single  failure  criterion  of  section 
4b.337  should  be  extended  to  include  the  anti¬ 
skid  system. 

(i)  In  the  event  of  a  probable  malfunc¬ 
tion  within  the  antiskid  system  which  would 
result  in  loss  of  the  antiskid  feature  in  one 
or  more  brake  units,  those  brake  units  affected 
should  automatically  revert  to  normal  braking. 

(ii)  Deleted. 

(iii)  A  means  should  be  provided  so 
that  the  pilot  or  copilot  can  readily  deactivate 
the  antiskid  system.  For  simple  mechanical 
type  antiskid  installations  wherein  any  single 
probable  malfunction  is  considered  remote  and 
which  will  render  only  one  braked  wheel  in¬ 
operative  insofar  as  antiskid  operation  is  con¬ 
cerned,  the  deactivating  means  need  not  be 
located  in  the  cockpit. 

(iv)  Antiskid  installations  should  not 
cause  surge  pressures  in  the  brake  hydraulic 
system  which  would  be  detrimental  to  either  the 
normal  or  emei^ency  brake  system  and  com¬ 
ponents. 

(v)  The  antiskid  equipment  should  in¬ 
sure  satisfactory  operation  on  slippery  runways 
as  well  as  on  dry  hard  surfaced  runways  without 
additional  antiskid  adjustments. 

(c)  Tests  and  analyses. 


(1 )  When  an  antiskid  system  is  included  as 
original  equipment  on  an  airplane,  it  is  not  re¬ 
quired  that  field  length  data,"  with  antiskid 
inoperative,  be  determined. 

(2)  Tests  and  analyses  for  the  approval  of 
an  antiskid  system  to  be  used  with  a  previously 
approved  brake  installation,  without  considera¬ 
tion  for  reduction  of  runway  distances,  should 
be  conducted  in  accordance  with  this  paragraph. 
When  equivalent  alternate  procedures  are  de¬ 
veloped  and  approved,  they  may  be  used  in  lieu 
of  the  method  specified  in  this  paragraph.  If 
credit  for  shorter  field  lengths  is  requested  on 
the  basis  of  an  antiskid  installation,  then  com¬ 
plete  flight  tests  should  be  conducted  in  ac¬ 
cordance  with  sections  4b. 115,  4b. 122,  4b. 123, 
4b.l70  and  4b.l71. 

(3)  WTien  an  antiskid  system  is  installed, 
the  braking  performance  and  airplane  stopping 
distances  should  be  at  least  equivalent  to  those 
obtained  during  the  accelerate-stop  and  landing 
type  certification  tests.  The  tests  to  be  con¬ 
ducted  are  based  on  the  high  speed  condition  as 
being  critical,  both  for  airplane  braking  as  con¬ 
trolled  by  the  antiskid  system,  and  for  the 
functionid  integrity  of  an  acceptable  antiskid 
device.  However,  should  it  become  necessary 
for  a  particular  type  of  installation,  these  tests 
may  be  modified  as  warranted. 

(i)  Conduct  at  least  one  accelerate-stop 
test  at  each  of  the  following  speeds:  80,  90,  and 
100  percent  of  the  highest  Vi  speed  for  which 
the  airplane  is  certificated.'*  The  maximum 
lending  weight,  or  the  lowest  weight  above 
maximum  landing  weight  necessary  to  keep  the 
airplane  from  leaving  the  runway  at  the 
highest  V\  speed,  should  be  used  in  the  above 
three  tests.  When  appropriate,  the  decelerate 
portions  of  the  accelerate-stop  tests  may  be 
demonstrated  by  landings  with  wing  flaps  in 
takeoff  position  in  lieu  of  accelerating  the  air¬ 
plane  to  Fi  speed  on  the  runway.  (See  also  sec. 
4b.ll5-l.) 

» It  b  de^ble  to  determine  Held  length  data  with  the  antbUd 
Inoperative  lo  order  that  airplane  operation  may  be  conducted  with 
antiskid  Inoperative  U  so  desired  by  the  operator. 

i>  In  order  to  assure  stopping  distances  equivalent  to  those  shown  In 
the  Airplane  Flight  Manual,  camera  recording,  or  equlvabnt  recordation 
methods  should  be  used.  To  ascertain  that  the  measured  stopping  dis¬ 
tances  are  equivalent  to  those  In  the  Alrpbne  Flight  Manual  It  will  be 
necessary  to  compare  the  measured  antbkld  data  with  the  data  obtained 
during  the  manufiicturer’s  original  oertlflcatlon  tests  for  the  weight  used 
In  the  antbkld  tests  at  the  highest  speed  for  that  weight  shown  in  the 
Airplane  Flight  Manual. 
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(ii)  Conduct  at  least  one  landing  decel¬ 
eration  test  at  each  of  the  following  weights; 
maximum  landing  weight,  an  intermediate 
landing  weight  and  normal  minimum  landing 
weight.’*  All  landings  should  be  made  from 
the  highest  corresponding  contact  speeds  used 
m  determining  FAA  Approved  Airplane  Fhght 
Manual  field  lengths. 

(4)  Conduct  controllability  tests  in  ac¬ 
cordance  with  sections  4b. 170  and  4b.l71 
(except  for  the  emergency  braking  condition) 
after  the  occurrence  of  any  single  malfunction 
within  the  antiskid  system  (excluding  the  de¬ 
vice  and  those  components  which  were  deter¬ 
mined  to  he  satisfactory  based  on  laboratory 
tests).  Single  probable  malfunctions,  which 
analysis  indicates  may  be  likely  to  occur,  should 
be  Emulated  during  landing  or  simulated  land¬ 
ing  deceleration  tests.  If  analysis  shows  clearly 
that  a  particular  malfunction  would  not  ad¬ 
versely  affect  controllability,  that  malfimction 
need  not  be  simulated  in  flight  tests. 

(5)  Conduct  taxi  tests  to  demonstrate 
that  repeated  rapid  full  brake  pedal  application 
and  release  does  not  result  in  excessive  delay  in 
brake  reapplications  and  that  ground  handling 
maneuvering  characteristics  and  sensitivity  of 
braking  effect  are  satisfactory. 

(6)  Conduct  tests  and  analyses  to  deter¬ 
mine  the  effect  of  automatic  cyclic  brake  action 
on  the  emergency  brake  system  fluid  supply. 
The  fluid  volume  (reserved  f  r  emergency  use 
in  the  reservoir  or  emergency  accumulators  of 
the  basic  brake  system)  may  be  adequate  for 
manual  braking  but  may  be  adversely  affected 
by  an  antiskid  installation.  Hence,  an  engi¬ 
neering  evaluation  should  be  conducted  to  show 
that  the  antiskid  system  will  not  have  an 
adverse  effect  on  braking  when  the  airplane  is 
stopped  by  means  of  the  emergency  brake 
system,  or  to  show  that  the  antiskid  system  is 
automatically  made  inoperative  when  emer¬ 
gency  braking  is  used. 

(7)  If,  during  the  tests  specified  in  this 
paragraph,  adjustments  or  modifications  to  the 
antiskid  device  or  its  installation  proved  neces- 

■*  H  tt  can  be  abown  by  the  aooelerate-etop  dlstaooe  tests  oondoeted 
and  the  data  obtained  in  subdivision  (1)  of  this  subparagraph  that  the 
landing  distances  when  using  normal  landing  braking  techniques,  would 
not  exceed  the  landing  distancea  approved  without  antiskid  devices, 
then  the  landing  distance  tests  vecUed  In  subdivision  01)  of  this  sub- 
pangraiA  need  not  be  eendncted. 


sary  and  indicated  the  possibility  of  encounter¬ 
ing  unreUable  operation  due  to  maintenance 
difliculties  or  the  need  for  frequent  adjustments, 
then  accelerated  service  functioning  and  relia¬ 
bility  tests  should  be  conducted  as  deemed 
necessary. 

(21  F.  R.  2558,  Apr.  18,  1956,  efifective  May  15,  1956; 
amended  23  F.  R.  2789,  Apr.  26,  1958,  effective  May  5, 
1958.) 

4b.338  Skis.  Skis  shall  be  of  an  approved 
type.  The  maximum  limit  load  rating  of  each 
ski  shall  not  be  less  than  the  maximum  limit 
load  determined  in  accordance  with  the  appli¬ 
cable  ground  load  requirements  of  this  part. 
(See  secs.  4b.230  through  4b.236.) 

Hulls  and  Floats 

4b.340  General.  The  requirements  of 
sections  4b.341  and  4b.342  shall  ap|dy  to  the 
design  of  hulls  and  floats. 

4b.341  Seaplane  main  floats.  Seaplane 
main  floats  shall  be  of  an  approved  type  and 
shall  comply  with  the  provisions  of  section 
4b.250.  In  addition,  the  following  shall  apply. 

(a)  Buoyancy.  Each  seaplane  main  float 
shaU  have  a  buoyancy  of  80  percent  in  excess 
of  that  required  to  support  the  maximum  weight 
of  the  seaplane  in  fresh  water. 

(b)  Compart  mentation.  Each  seaplane 
main  float  shall  contain  not  less  than  5  water¬ 
tight  compartments.  The  compartments  shall 
have  approximately  equal  volumes. 

4b.342  Boat  hulls. 

(a)  The  hulls  of  boat  seaplanes  and  am¬ 
phibians  shall  be  divided  into  watertight  com¬ 
partments  so  that,  with  any  two  adjacent 
compartments  flooded,  the  buoyancy  of  the 
hull  and  auxiliary  floats  (and  wheel  tires,  if 
used)  will  provide  a  sufficient  margin  of  positive 
stability  to  minimize  caj^zing  in  rough  fresh 
water. 

(b)  For  the  purpose  of  communication  be¬ 
tween  compartments,  bulkheads  with  water¬ 
tight  doors  shall  be  allowed. 

Personnel  and  Cargo 
Accommodations 

4b.350  Pilot  compartment;  general.  All 
references  to  flight  crew  in  this  section  and 
sections  4b.351  through  4b.353  shall  mean  the 
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minimnm  flight  crew  established  in  accordance 
with  section  4b.720. 

(a)  The  arrangement  of  the  pilot  compart¬ 
ment  and  its  appurtenances  shall  provide  safety 
and  assurance  that  the  flight  crew  will  be  able 
to  perform  aU  of  their  duties  and  operate  the 
controls  in  the  correct  manner  without  un- 
reastmable  concentration  and  fatigue. 

(b)  The  primary  flight  controls  listed  on 
figure  4b-16,  excluding  cables  and  control  rods, 
shall  be  so  located  with  respect  to  the  propellers 
that  no  portion  of  the  flight  crew  or  the  controls 
lies  in  the  r^on  between  the  plane  of  rotation 
of  any  inboard  propeller  and  the  surface  gen¬ 
erated  by  a  line  pasang  through  the  center  of 
the  propeller  hub  and  making  an  angle  of  5** 
(award  or  aft  of  the  plane  of  rotation  of  the 
propeller. 

(c)  When  provision  is  made  for  a  second 
pHot,  the  airplane  shall  be  controllable  with 
equal  safety  from  both  seats. 

(d)  The  idiot  compartment  shall  be  con¬ 
structed  to  prevent  leakage  likely  to  be  dis¬ 
tracting  to  the  crew  or  harmful  to  the  structure 
when  flying  in  rain  a  snow. 

(e)  A  doa  shaU  be  provided  between  the 
piM  compartment  and  the  passenger  compart¬ 
ment 

(f)  The  doa  prescribed  in  paagraidi  (e)  of 
this  section  shall  be  equipped  with  a  laking 
means  to  prevent  passengers  from  opening  the 
doa  without  the  ^ot's  permission. 

(g)  ^bration  and  noise  characteristics  of 
coclqpit  appurtenances  shall  not  interfere  with 
the  safe  operation  of  the  air^ane. 

4b.350-l  Noise  and  miration  characteristics 
(FAA  ‘policies  •which  apply  to  sec.  Jib.S50  (g)). 
Noise  and  vibration  characteristics  should  be 
observed  throughout  the  flight  test  program. 
If  possible,  noise  levels  should  be  measured  and 
recorded  in  decibeb. 

(10  F.  R.  4463,  July  20, 1954,  effective  Sept.  1, 1954.) 

4b.351  PUot  compartment  vMon. 

(a)  Nonprecipitation  conditions. 

(1)  The  pilot  compartment  shall  be 
arranged  to  afford  the  idiots  a  sufficiently  exten- 
rive,  clear,  and  und^orted  view  to  perform 
safely  aU  maneuvers  within  the  operating 
limitations  of  the  airplane,  including  taxiing, 
takeoff,  approach,  and  landing. 


(2)  It  shall  be  demonstrated  by  day  and 
night  flight  tests  that  the  |dlot  compartment 
is  free  of  glare  and  reflections  which  would  tend 
to  interfere  with  the  flight  crew’s  normal  duties. 

(b)  Precipitation  conditions. 

(1)  Means  shall  be  provided  for  maintain¬ 
ing  a  sufficient  portion  of  the  windshield  clear 
so  that  both  pilots  are  afforded  a  sufficiently 
extensive  view  along  the  flight  path  in  all  normal 
flight  attitudes  of  the  airplane.  Such  means 
shall  be  designed  to  fhnction  under  the  follow¬ 
ing  conditions  without  continuous  attention 
on  the  part  of  the  crew: 

(i)  In  heavy  rain  at  speeds  up  to  1.6 
Vbi,  flaps  retracted, 

(ii)  In  the  most  severe  icing  conditions 
for  which  approval  of  the  airpbne  is  desired. 

(2)  In  addition  to  the  means  prescribed 
in  subparagraph  (1)  of  this  paragraph  at  least 
the  first  pilot  shall  be  provided  with  a  window 
which,  when  the  cabin  is  not  pressurized,  b 
openabie  under  the  conditions  prescribed  in 
subparagraph  (1)  of  this  paragraph,  and  which 
provides  the  view  specified  in  that  subpara¬ 
graph.  The  design  s^U  be  such  that  when  the 
window  is  opened  suflUdent  protection  from  the 
elements  will  be  provided  against  the  impair¬ 
ment  of  the  pilot’s  vision. 

4b.351-l  Procedure  for  demonstrating  pilot 
compartment  visibility  {FAA  policies  which 
apply  to  sec.  ibSSl). 

(a)  Nonpredpilation  conditions.  Such  tests 
as  are  deemed  necessary  to  show  compliance 
with  section  4b.351  (a)  should  be  conducted. 

(b)  Precipitaiion  conditions,  section  JfbJSbl  (6). 

(1)  The  opeiation  of  the  windshield  wiper 
should  be  checked  in  actual  or  simulated  pre¬ 
cipitation  conditions  in  order  to  demonstrate 
that  adequate  vbion  is  provided  for  takeoff 
and  landing  at  speeds  up  to  1.6 

(2)  The  windshield  deicing  system  should 
be  checked  for  dbtribution  and  operation. 

(19F.R.  4463,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.351-2  Vision  with  reverse  thrust  {FAA 
policies  which  apply  tosec.ibJSdl).  The  policies 
outlined  in  section  4b. 402-1  (g)  and  (h)  will 
apply. 

(20F.R.  2279,  Apr.  8,  1956,  effective  Apr.  30,  1965.) 

4b.351-3  Minimum  area  of  visibility  in  the 
flight  crew  compartment  {FAA  policies  which 
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Of  fly  to  9ee.  lh.S6t  (a)).  The  area  of  visibility 
established  in  this  section  for  the  pilot,  and  an 
equivalent  area  for  the  copilot,  should  be  the 
minimum  for  showing  compliance  with  the 
visibility  provisions  of  section  4b.351  (a). 

(a)  Bejerence  eye  position.  A  single  point 
established  in  accordance  with  the  provisions  of 
this  paragraph  constitutes  the  reference  eye 
position  (i.  e.,  a  point  midway  between  the  two 
eyes)  from  which  the  central  axis  may  be 
located.  The  reference  eye  position  is  located 
5  inches  aft  of  the  rearmost  extremity  of  the 
elevator  control  device  when  the  control  is  in  its 
most  rearward  position  (i.  e.,  against  the  up 
elevator  control  stops),  see  figure  6,  and  30.5 
inches  ±.5  inch  above  the  point  of  maximum 
depression  of  the  seat  cushion  with: 

(1)  The  pilot  seat  in  a  normal  operating 
position  from  which  all  controls  can  be  utilized 
to  their  full  travel,  by  an  average  subject,  and 
which  will  provide  for  vertical  adjustment  of 
the  seat  of  not  less  than  2%  inches  above  and  2}i 
inches  below  this  initial  vertical  position. 

(2)  The  seat  back  in  its  most  upright 
position. 

(3)  The  seat  cushion  depression  being 
that  caused  by  a  subject  weighing  170  to  200 
poimds. 

(4)  The  longitudinal  axis  of  the  airplane 
level. 

(5)  The  point  established  not  beyond  one 
inch  to  the  left  or  right  of  the  longitudinal  center 
line  of  the  pilot’s  seat.  (See  fig.  6.) 

(6)  All  measurements  made  from  a  single 
point  established  in  accordance  with  this  para¬ 
graph. 

(b)  Clear  areas  oj  vision. 

(1)  With  the  reference  eye  position  located 
as  indicated  in  paragraph  (a)  of  this  section,  and 
utilizing  binocular  vision  and  azimuthal  move¬ 
ment  of  the  head  and  eyes  about  a  radius,  the 
center  of  which  is  3K«  inches  behind  the  refer¬ 
ence  eye  position  (this  point  to  be  known  as  the 
central  axis),  the  pilot  should  have  the  following 
clear  areas  of  vision  measured  from  the  appro¬ 
priate  eye  position  with  the  aircraft’s  longitu¬ 
dinal  axis  level.  'The  areas  defined  are  based  on 
the  cardinal  points  of  reference  listed  below  and 
indicated  in  %ure  7.  A  dual  lens  camera  as 
photo  recorder  should  be  used  in  measuring  the 
angles  specified  in  this  paragraph.  Other 


methods,  including  the  use  of  a  goniometer,  are 
acceptable  if  they  produce  equivalent  areas  to 
those  obtained  wath  the  dual  lens  camera. 
When  not  using  a  dual  lens  camera  compensa¬ 
tion  should  be  made  for  one-half  the  distance 
which  exists  between  the  eyes,  or  1  }i  inches  as 
indicated  in  figure  9. 

(i)  20°  forward  and  up  from  the  horizon 
between  20°  left  and  10°  right  allowed  to 
diminish  to  15°  up  at  30°  right  (this  area  un¬ 
broken). 

(ii)  15°  forward  and  down  from  the 
horizon  between  20°  left  and  10°  right  allowed 
to  diminish  to  10°  down  at  30°  right  (this  area 
unbroken) . 

(iii)  40°  above  horizon  between  85°  and 
95°  left. 

(iv)  30°  below  horizon  between  85°  and 
95°  left. 

(v)  20°  up  and  15°  down  from  horizon 
at  135°  left. 

(2)  There  should  be  no  obstruction  to 
vision  in  the  area  indicated  in  subparagraph  1  (i) 
and  (ii)  of  this  paragraph  and  in  figure  7. 
Beyond  20°  left  the  angles  indicated  in  sub- 
paragraph  1  (i)  and  (ii)  of  this  paragraph  should 
remain  constant,  or  increase  progressively  until 
they  reach  the  reference  angles  in  subparagraph 
1  (iii)  and  (iv)  of  this  paragraph  at  85°  and 
should  not  be  less  than  indicated  in  these  sub¬ 
divisions  up  to  the  95°  position,  at  which  time 
they  may  diminish  gradually  to  the  angles 
showm  in  subparagraph  l(v)  of  this  paragraph, 
and  should  be  governed  by  the  limitations  of 
paragraph  (d)(2)  of  this  section.  The  area 
beyond  135°,  if  any,  should  be  as  large  as 
possible  since  the  human  eye  does  not  present 
any  limitation  when  the  use  of  perceptive  rather 
than  binocular  vision  is  the  criterion. 

(3)  It  is  possible  that  in  the  symmetrical 
type  pilot  compartment,  there  may  be  an  area 
about  the  center  line  of  the  windshield  where 
the  requirements  governing  pilot  and  copilot 
vision  areas  do  not  overlap.  In  this  area  the 
angles  above  and  below  eye  level  may  dimimsb 
due  to  the  increased  distance  between  the  appro¬ 
priate  eye  position  and  the  windshield,  but  the 
wdndshield  dimensions  established  at  the  30° 
right  position,  above  and  below  the  horizontal 
plane  of  the  pilot’s  eye,  should  be  retained. 
This  area  should  also  be  governed  by  the 
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limitations  of  paragraph  (d)  (1)  and  (2)  of  this 
section.  No  attempt  is  made  to  define  the 
angles  of  vision  for  the  pilot,  to  the  right  of  30°, 
since  it  is  assumed  that  the  required  vision  for 
the  copilot  will  govern  this  area.  This  area 
not  defined  by  exact  limits  is  indicated  by 
shading  in  figure  7. 

(c)  Optical  properties  of  windshield.  The 
windshield  should  exhibit  equivalent  optical 
properties  to  those  covered  in  MILf-G-8602, 
dated  June  29,  1953,  for  flat  panels,  and  MIL- 
G-7767,  dated  August  14,  1951,  for  curved 
panels  or  any  applicable  military  specifications 
which  may  be  published  subsequent  to  these 
specifications.  In  addition,  the  optical  prop¬ 
erties  of  the  windshield  should  not  deteriorate 
under  pressurization  loads. 

(d)  Impairments  to  vision. 

(1)  Any  windshield  post  should  not  ex¬ 
ceed  2.5  inches  total  obstruction  in  projected 
width  on  the  pilot’s  eyes  when  located  within  a 
sector  of  20°  and  60°  of  azimuth  to  the  left  of 
the  pilot’s  forward  vision,  when  measured  with 
head  rotated  so  that  the  eyes  are  perpendicular 
to  a  vertical  plane  passing  through  the  center 
line  of  the  projected  width  as  indicated  in 
figure  8. 

(2)  The  location  of  instruments,  equip¬ 
ment,  or  structure  should  not  impair  any  of  the 
areas  of  vision  established  in  this  section.  In 
addition,  cockpit  equipment  should  not  obstruct 
a  line  of  vision  from  a  point  two  inches  above 
the  reference  eye  position  to  any  point  along 
the  upper  limit  of  the  forward  windshield  panels, 
and  similarly,  a  line  of  vision  from  a  point  two 
inches  below  the  reference  eye  position  to  the 
lower  limit  of  the  forward  windshield  panels. 

(22  F.  R.  7359,  Sept.  14,  1957,  effective  Sept.  20, 
1957.) 

4b.352  Windshield  and  windows. 

(a)  All  internal  glass  panes  shall  be  of  a 
nonsfriintering  safety  type. 

(b)  The  windshield  panes  which  the  piiots 
will  be  directly  behind  in  the  normal  conduct 
of  their  duties  and  the  supporting  structures  for 
such  panes  shall  have  sufficient  strength  to 
withstand  without  penetration  the  impact  of  a 
four-pound  bird  when  the  velocity  of  the  air- 
j^ane  relative  to  the  bird  along  the  airplane’s 
flight  path  is  equal  to  the  value  of  Vc  at  sea 


level  selected  in  accordance  with  section  4b.210 

(b)  (4). 

(c)  Means  shall  be  provided  to  minimize 
the  danger  to  the  pilots  from  flying  windshield 
fragments  due  to  bird  impact  unless  it  can  be 
shown  by  analysis  or  test  that  the  probability 
of  occurrence  of  a  critical  fragmentation  condi¬ 
tion  is  of  a  low  order.  The  provisions  of  this 
paragraph  are  intended  to  apply  to  all  trans¬ 
parent  panes  in  the  cockpit  section  which  appear 
in  the  front  view  of  the  aircraft,  are  inclined  15 
degrees  or  more  to  the  longitudinal  axis  of  the 
aircraft,  and  have  any  portion  located  so  that 
fragmentation  thereof  will  constitute  a  hazard 
to  the  pilots. 

(d)  The  design  of  windshields  and  windows 
in  pressurized  airplanes  shall  be  based  on 
factors  peculiar  to  high  altitude  operation. 
(See  also  sec.  4b.373.)  [Strength  shall  be 
provided  in  the  windshield  and  window  panels 
to  withstand  the  maximum  cabin  pressure 
differential  loads  (see  section  4b.216(c)(l)) 
combined  '-'th  critical  aerodynamic  pressure 
and  tem\  mature  effects,  after  failure  of  a 
single  k  ’^-carrying  element  of  the  windshield 
or  windov,.  It  shall  be  acceptable  to  assume 
that  after  a  single  failure  occurs,  which  is 
obvious  to  the  flight  crew,  the  cabin  pres¬ 
sure  differential  will  be  reduced  from  the  maxi¬ 
mum  in  accordance  with  appropriate  operating 
limitations  enabling  continued  safe  flight  of  the 
airplane  with  a  cabin  pressure  altitude  of  not 
more  than  15,000  feet.  (See  sec.  4b.374(b).)J 

Note;  Factors  peculiar  to  high  altitude  operation  as 
they  may  affect  the  design  of  windshields  and  windows 
include  the  effects  of  continuous  and  cyclic  pressuriza¬ 
tion  loadings,  the  inherent  characteristics  of  the 
material  used,  the  effects  of  temperatures  and  temper¬ 
ature  differentials,  etc. 

[Amendment  4b-12,  published  27  F.R.  2986,  Mar. 
30,  1962,  effective  May  3,  1962.)] 

4b.353  Controls. 

(a)  All  cockiMt  controls  shall  be  located  to 
provide  convenience  in  operation  and  in  a 
manner  tending  to  prevent  confusion  and  inad¬ 
vertent  operation.  (See  also  sec.  4b.737.) 

(b)  The  direction  of  movement  of  controls 
shall  be  according  to  figures  4b-16  and  4b-17. 
Wherever  practicable  the  sense  of  motion 
involved  in  the  operation  of  other  controls  shall 
correspond  with  the  sense  of  the  effect  of  the 
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i^paation  upon  the  airplane  or  upon  the  part 
operated.  All  controls  of  a  rariable  nature 
emidoying  a  rotary  motion  shall  move  clock¬ 
wise  from  the  off  position,  through  an  increas¬ 
ing  range,  to  the  full  on  position. 


PRIMARY 


Controls 

Movement  and  actuation 

Aileron _ 

Right  (clockwise)  for  right  wing 
down. 

Rearward  for  nose  up. 

Right  pedal  forward  for  nose 
right. 

Elevator _ 

Rodder _ 

SECONDARY 

Flaps  (or  auxiliary 
lift  devices). 

Trim  tabs  (or  equiv¬ 
alent). 

Forward  for  flaps  up;  rearward 
for  flaps  down. 

Rotate  to  produce  similar  rota¬ 
tion  of  the  airplane  about  an 
axis  parallel  to  the  axis  of  the 
control. 

Figure  4b-16. — Aerodynamic  controls. 

Controls 

Movement  and  actuation 

Powerplant 

Throttles _ 

Forward  to  increase  forward 
thrust  and  rearward  to  increase 
rearward  thrust. 

Forward  to  increase  rpm. 

Forward  or  upward  for  rich. 

Forward  or  upward  for  cold. 

Forward  or  upward  for  low 
blower.  In  the  case  of  turbo- 
superchargers,  forward,  up¬ 
ward,  or  clockwise  to  increase 
pressure. 

Propellers _ 

Mixture _ 

Carburetor  air  heat.. 
Supercharger _ 

Auxiliary 

Lauding  gear _ 

Down  to  extend. 

Figure  4b-17. — Powerplant  and  snxiUarj  controls. 


(c)  The  controls  shall  be  so  located  and 
arranged  with  respect  to  the  pilots’  seats  that 
there  exists  full  and  unrestricted  morement  of 
each  control  without  interference  from  either 
the  cockpit  structure  or  the  flight  crew’s  cloth¬ 
ing  when  seated  with  the  seat  belt  fastened. 
This  shall  be  demonstrated  for  individuals 
ranging  from  S'  2"  to  6'  0"  in  height. 

(d)  Identical  powerplant  controls  for  each 
engine  shall  be  locat^  to  prevent  any  mis¬ 
leading  impression  as  to  the  engine  to  which 
they  relate. 


(e)  The  wing  flap  (or  auxiliary  lift  device) 
and  landing  gear  controls  shall  comply  with  the 
following: 

(1)  The  wing  flap  control  shall  be  located 
on  top  of  the  pedestal  aft  of  the  throttle  (s), 
centrally  or  to  the  right  of  the  pedestal  center- 
line  and  shall  be  not  less  than  10  inches  aft 
of  the  landing  gear  control. 

(2)  The  landing  gear  control  shall  be 
located  forward  of  the  throttles  and  shall  be 
operable  by  each  of  the  pilots  when  seated  with 
seat  belts  fastened. 

(f)  The  control  knobs  shall  be  shaped  in 
accordance  with  figure  4b-22,  and  such  knobs 
shall  be  of  the  same  color,  but  of  a  color  in 
contrast  with  that  of  not  only  the  other  control 
knobs  but  also  the  surrounding  cockpit. 

NOTE:  Figure  4b-22  is  not  intended  to  indicate  the 
exact  size  or  proportion  of  the  control  knobs. 

(g)  Where  the  workload  on  the  flight  crew 
is  such  as  to  require  a  flight  engineer  (see  sec. 
4b.720),  a  flight  engineer  station  shall  be  pro¬ 
vided.  The  station  shall  be  so  located  and 
arranged  that  the  flight  crewmembers  can 
perform  their  ftmctions  efficiently  and  without 
interfering  with  each  other. 

4b.363-l  Control  tests  {FAA  policies  which 
apply  to  sec.  4b.S6S).'  Such  tests  as  are  deemed 
necessary  to  show  compliance  with  the  control 
movements  and  locations  specified  in  section 
4b.353  should  be  conducted. 

(19F.  R.  4464,  Julj  20, 1954,  effective  Sept.  1,  1954.) 

4b.354  Instrument  arrangement.  (See 
sec.  4b.611.) 

4b.355  Instrument  marking.  (The  op¬ 
erational  markings,  instructions,  and  placards 
required  for  the  instruments,  controls,  etc.,  are 
specified  in  secs.  4b.730  through  4b.738.) 

4b.356  Doors. 

(a)  Airidane  cabins  shall  be  provided  with  at 
least  one  easily  accessible  external  door. 

(b)  Means  shall  be  provided  for  locking  each 
external  door  and  for  safeguarding  against 
opening  in  flight  either  inadvertently  by  persons 
or  as  a  result  of  mechanical  failure.  It  shall 
be  possible  to  open  external  doors  from  either 
the  inside  or  the  outside  even  though  persons 
may  be  crowding  against  the  door  from  the 
inside.  (Note :  It  is  not  the  intent  to  prohibit  the 
use  of  inward  opening  doors  if  sufficient  measures 
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are  provided  to  preveot  occnpants  from  crowd¬ 
ing  agabut  the  door  to  an  extent  which  would 
interfere  with  the  opening  of  the  door.)  The 
meana  opening  ahall  be  cdmple  and  obvious 
and  ahall  be  so  arranged  and  marked  that  it 
can  be  readily  located  and  operated  even  in 
darkness. 

(c)  Reasonable  provisions  shall  be  made  to 
prevent  the  jammtag  of  any  external  door  as 
a  result  of  fuselage  deformation  in  a  minor 
crash. 

(d)  External  doors  shall  be  so  located  that 
persons  using  them  will  not  be  endangered 
by  the  propellers  when  appropriate  operating 
procedures  are  em|rioyed. 

(e)  Means  shall  be  fwovided  for  a  direct 
visual  inspection  of  the  locking  mechanism  by 
crewmembers  to  ascertain  whether  all  external 
doors  f<w  which  the  initial  opening  movement 
is  outward,  including  passenger,  crew,  service, 
and  cargo  doors,  are  fully  locked  (see  also  sec. 
4b.362  (e)  (S)  for  emergency  exits).  In  addi* 
tkm,  visual  means  shall  be  provided  to  signal  to 
a^opriate  crewmembers  that  all  normally 
ns^  external  doors  are  closed  and  in  the  fnliy 
locked  position. 

4b.356-l  External  doors  {FAA  policies  which 
apply  to  see.  Jib 366).  The  provisions  of  sec¬ 
tion  4b.356  should  be  applied  to  all  cabin  and 
crew  compartment  external  doors  usable  for 
entrance  or  ^ress.  It  is  not  restricted  to  the 
main  cabin  door.  Caiigo  and  service  doors  not 
suitable  for  emergency  egress  need  only  com¬ 
ply  with  section  4b.356  (e)  and  safeguarding 
agiunst  opening  in  flight  as  a  result  of  mechan¬ 
ical  failure. 

(20  F.R.  2279,  Apr.  8,  1965,  effective  Apr.  30,  1955.) 

4b.356-2  Auxiliary  latching  devices  {FAA 
policies  which  apply  to  sec.  ib  356  (6)). 

(a)  The  use  of  auxiliary  latching  devices  is 
permitted.  Such  devices  would  include  dual 
locking  handles,  other  types  of  locking  and 
safetying  devices,  and  two  position  handles, 
and  where  one  operation  such  as  pushing  or 
pulling  on  the  handle  unlocks  the  latching 
mechanism  and  the  second  operation  of  turning 
the  handle  unlatches  the  door  for  opening. 
Auxiliaty  safetying  devices  should  be  used  only 
as  an  additional  safety  factor  and  should  not 


be  used  as  a  means  of  correcting  an  inadequate 
design  of  the  primary  locking  or  latching  means. 
The  advantages  to  be  gained  from  the  installa¬ 
tion  of  auxiliary  or  dual  safety  devices  (safety 
chains  and  dual  handle  main  locking  means) 
should  be  weighed  against  the  need  to  easily 
and  rapidly  open  the  door  in  case  of  emergencies 
80  that  the  overall  level  of  safety  is  as  high  as 
practicable. 

(b)  All  locking  or  safety  means,  including 
safety  chains  and  latches  of  any  kind,  should 
be  so  positioned  and  designed  that  their  pres¬ 
ence,  location  and  means  of  operation  are  ob¬ 
vious  to  one  not  familiar  with  door  designs. 

(1)  The  means  of  fastening  safety  devices 
should  be  sufficiently  simple  to  make  removal 
easy. 

(2)  Any  emergency  release  mechanism  in¬ 
stalled  to  release  the  safety  device  should 
operate  with  a  simple  motion  and  upon  the 
application  of  relatively  small  forces. 

(3)  All  locking  devices  should  be  readily 
operable  from  both  inside  and  outside  of  the 
airplane  and  be  appropriately  marked  both  in¬ 
side  and  outside. 

(c)  Auxiliary  safety  devices  meeting  the 
standards  of  (b)  may  be  fastened  in  place  during 
the  entire  flight.  It  will  not  be  necessary  to 
have  such  devices  unlatched  during  takeoff  and 
landing.  Auxiliary  safety  devices  such  as 
safety  chains  or  bars  that  do  not  meet  the 
standards  of  paragraph  (b)  of  this  section  may 
be  used  provided  operating  instructions  are 
installed  at  or  near  the  device  and  a  placard 
is  installed  requiring  the  removal  of  such  devices 
prior  to  takeoff  and  landing. 

(20  F.R.  2279,  Apr.  8,  1955,  effective  Apr.  30,  1965.) 

4b.356-3  Power  operated  external  doors 
{FAA  policies  which  apply  to  sec.  4l>356  (6)). 
Power  operated  doors  should  be  so  designed 
that  the  door  can  be  opened  by  manual  means 
even  when  power  is  inactivated.  The  loss  of 
power  should  not  cause  the  door  to  become 
unlatched.** 

(20  F.  R.  2279,  Apr.  8, 1956,  effective  Apr.  30, 1955.) 

H  sinee  amcrtancr  bmdlngB,  ladi  u  th«  whacMap  eondiOaii.  mcy 
rwombly  result  in  the  aevennee  of  eieotricel  wlret  or  mptora  of  by- 
draollo  Mid  poeoiDetlc  Unee,  the  power  which  msy  be  needed  for  open- 
tioo  of  the  doors  or  exits  msy  be  lost.  SfanllM’ty,  tt  Is  ooooeiTeble  that 
onder  eraeneDcy  oonditUns,  the  deotrfoal  power  source  may  be  purposely 
intermpted  to  redoes  ths  poeslblltty  of  lire. 
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4b.366-4  Means  for  safeguarding  against 
inadvertent  opening  inflight  {FAA  policies  which 
apply  to  see.  4^.366  (b)).  Auxiliary  latching 
devices  may  be  used  to  reduce  the  probability 
of  inadvertent  opening  in  flight  provided  they 
meet  the  standards  and  conditions  covered  in 
section  4b.356-2. 

(a)  It  is  acceptable  to  create  a  limited  access 
zone  in  front  of  the  door  to  eliminate  the 
possibility  of  a  passenger  using  the  door  handle 
as  a  steadying  means  and  thereby  inadvertently 
opening  the  door.  Although  providing  a  re¬ 
stricted  zone  by  means  of  a  barrier  may  appear 
to  conflict  with  the  requirements  of  section 
4b.362  (g)  for  an  unobstructed  passageway  to 
Type  I  and  II  emergency  exits,  it  is  considered 
that  it  would  contribute  suflBciently  to  the  over¬ 
all  safety  of  the  aircraft  occupants  to  be  per¬ 
mitted.  This  device  may  be  a  rope,  chain,  rigid 
bar  or  gate.  Such  installations  should  bo 
waist  high  to  provide  the  maximum  benefits  for 
an  adult  and  the  end  fastenings  should  be 
simple  to  make  removal  easy.  It  is  not  con¬ 
sidered  acceptable  to  install  full-length  auxiliary 
doors,  but  waist-high  rigid  gates  would  be 
acceptable  provided  they  open  toward  the  door 
and  will  not  block  the  opening  of  the  cabin 
door  in  any  way.  The  locking  means  should 
be  one  which  could  be  easily  overridden  such 
as  a  spring-loaded  ball  type  latch. 

(b)  Flexible  gates  such  as  those  made  from 
webbing  are  not  acceptable  on  the  basis  that 
persons  naay  become  entan^ed  during  an  emer¬ 
gency  egress.  The  use  of  a  barrier  to  prevent 
persons  from  inadvertently  opening  the  door 
in  fli^t  does  not  eliminate  the  need  for  a 
safety  means  to  provide  for  possible  malfunc¬ 
tioning  of  the  primary  locking  mechanism; 
however,  the  auxiliary  safetying  means  of  sec¬ 
tion  4b.356-2  may  eliminate  the  need  for  a 
restricted  zone. 

(20  F.  R.  2270,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

4b.356-5  Direct  visual  inspection  {FAA 
policies  which  apply  to  sec.  41>-S56  (e)).  The 
means  of  complying  with  section  4b. 356  (e) 
will  depend  upon  the  type  of  door  and  locking 
mechanism  used.  It  should  be  determined  in 
aU  cases  that  means  are  provided  to  ascertain 
that  an  unsatisfactory  condition  does  not  exist 
after  closing  the  door.  In  some  instances  a 


central  window  for  viewing  the  position  of  the 
mechanism  may  be  sufficient  while  other  cases 
may  require  one  or  more  windows  in  the  door 
frame  to  permit  inspection  of  the  bayonet  loca¬ 
tion  relative  to  that  portion  of  the  lock  in  the 
door  frame.  The  need  for  and/or  the  number 
and  location  of  inspection  openings  or  windows 
will  depend  on  the  type  of  door  and  locking 
mechanism  used. 

(20  F.  R.  2279,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

4b.356-6  Visual  indicating  system  (FAA 
policies  which  apply  to  sec.  4b.S56  («)).“ 

(a)  The  visual  indicating  system  may  con¬ 
sist  of  an  indicator  for  each  individual  door,  or  a 
system  connecting  all  doors  in  series.  If  the 
latter  system  is  used,  it  need  not  necessarily 
show  which  door  is  not  fully  locked. 

(b)  It  is  not  necessary  that  more  than  one 
crewmember  be  able  to  ascertain  by  a  visual  sig¬ 
nal  that  ^  external  doors,  normally  used  by  the 
crew  in  supplying  the  airplane,  or  in  loading  and 
unloading  passengers  and  cargo,  are  fully  closed 
and  locked.  The  visual  signal  should  be  located 
so  that  it  may  easily  be  seen  by  the  appropriate 
crewmember  from  his  station. 

(20  F.  R.  2279,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

4b.358  Seats,  berths,  and  safety  belts. 

(a)  General.  At  all  stations  designated  as 
occnpiable  daring  takeoff  and  landing,  the 
seats,  berths,  belts,  harnesses,  and  adjacent 
parts  of  the  airplane  shaU  be  such  that  a  person 
making  proper  use  of  these  facilities  will  not 
suffer  serious  injury  in  the  emergency  landing 
conditions  as  a  result  of  inertia  forces  specified 
in  section  4b.260.  Seats  and  berths  shall  be 
of  an  approved  type  (see  also  sec.  4b.64d  con¬ 
cerning  safety  belts). 

(b)  Arrangement. 

(1)  Passengers  and  crew  shall  be  aflknded 
protection  from  head  injuries  by  one  of  the 
following  means: 

(i)  Safety  belt  and  shoulder  harness 
which  will  prevent  the  head  from  contacting 
any  injurious  object, 

>•  The  ob]ectlv«  herein  to  to  be  able  to  aaoertaln  by  vtoaal  meani  that 
the  door  and/or  locking  means  to  sofflctontly  engaged  to  eliminate  haiards 
emanating  bom  an  Improperly  dosed  door.  Outward  opening  doors 
present  a  diflerent  problem  bom  Inward  opmilng  doors. 
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(ii)  Safety  belt  and  the  elimination  of 
att  i«JnrioH8  objeeta  within  striking  radius  of 
the  head. 

(iii)  Safety  belt  and  a  enshioned  rest  which 
will  support  the  arms,  shoulders,  head,  and  spine. 

(2)  For  arrangements  which  do  not  provide 
a  Srm  hand  hold  on  seat  backs,  hand  grips  or 
rails  shall  be  provided  aiong  aisles  to  enable 
passengers  or  crewmembers  to  steady  them- 
sdves  while  using  the  aisles  in  moderately 
rough  air. 

(3)  All  projecting  objects  which  would 
cause  ipjwy  to  persons  seated  or  moving  about 
the  airplane  in  normal  flight  shall  be  padded. 

(4)  Berths  shall  be  so  designed  that  the 
forward  portion  is  provided  with  a  padded  end 
board,  a  canvas  diaphragm,  or  other  equivalent 
means,  capalde  of  withstanding  the  static  load 
reactkm  of  the  occupant  when  subjected  to  the 
forward  inertia  force  spedfled  in  section  4b.260. 
Berths  shall  be  free  from  crnners  and  jwo- 
tnberances  likely  to  cause  serious  injury  to  a 
perami  occupying  the  berth  during  emergency 
eondlthms. 

(5)  Seats  for  all  crewmembers  at  flight 
deck  stations  shall  incorporate  provisions  for  the 
use  of  a  shoulder  harness  and  the  seats  with  such 
provishms  shall  comply  with  the  strength 
requirements  of  paragraph  (c)  of  this  section. 

(6)  Seats  fw  caUn  attendants  shall  be 
dispraed  within  the  passenger  compartment 
near  an^^ed  floor  level  emergency  exits. 
(See  sec.  4b.362  (g).) 

(c)  Strength.  All  seats  and  berths  and  their 
sniqmling  structure  shall  be  designed  for  occu¬ 
pant  weight  ai  170  pounds  with  due  account 
taken  ot  the  maximum  load  factors,  inertia 
forces,  and  reactions  between  occupant,  seat, 
and  safety  belt  or  harness  corresponding  with 
ail  relevant  flight  and  ground  load  conditions, 
indnding  the  emergency  landing  conditions  pre¬ 
scribed  in  section  4b.260.  In  the  case  of 
b^hs,  the  fwward  inertia  force  shall  be  con¬ 
sidered  in  accordance  with  paragraph  (b) 
(4)  of  this  sectimi  and  heed  not  be  considered 
with  respect  to  the  safety  belt.  In  addition,  the 
following  shall  andy* 

(1)  Pilot  seats  shall  be  designed  for  the 
reactions  resulting  from  the  ap^cation  of  pUot 
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forces  to  the  flight  controls  as  prescribed  in 
section  4b.224. 

(2)  In  determining  the  strength  of  the  seat 
or  berth  attachments  to  the  structure,  and  the 
safety  belt  or  shoulder  harness  attachments  to 
the  seat,  berth,  or  structure,  the  inertia  forces 
specified  in  section  4b.260  (a)  shall  be  multi¬ 
plied  by  a  factor  of  1.33  [in  lieu  of  the  fitting 
frictor  prescribed  in  section  4b.307(c).] 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effecdve  May  3,  1962.)] 

4b.358-l  Application  of  loads  (FAA  policies 
which  ap^y  to  sec.  4h.358).  The  actual  forces 
acting  on  seats,  berths,  and  supporting  structure 
in  the  various  flight,  ground,  tuid  emergency 
landing  conditions  will  consist  of  many  possible 
combinations  of  forward,  sideward,  downward, 
upward,  and  aft  loads.  However,  in  order  to 
simplify  the  structural  analysis  and  testing  of 
these  structures,  it  will  be  permissible  to  assume 
that  the  critical  load  in  each  of  these  directions, 
as  determined  from  the  prescribed  flight, 
ground,  and  emergency  landing  conditions,  acts 
separately.  If  the  applicant  desires,  selected 
combinations  of  loads  may  be  used,  provided 
the  required  strength  in  aU  specified  directions 
is  substantiated.  (TSO  0-25,  Aircraft  Seats 
and  Berths,  outlines  acceptable  methods  for 
testing  seats  and  berths.) 

(18  F.  R.  5563,  Sept.  17,  1953,  effective  Sept.  30, 
1953.) 

4b.359  Cargo  and  baggage  compart- 
nwnte.  (See  also  secs.  4b.382  to  4b.384.) 

(a)  Each  cargo  and  baggage  compartment 
shall  be  designed  for  the  placarded  maximum 
weight  of  contents  and  the  critical  load  distri¬ 
butions  at  the  appropriate  maximum  load 
factors  corresponding  with  all  specified  flight 
and  ground  load  conditions,  excluding  the 
emergency  landing  conditions  of  section  4b.260. 

(b)  Provisions  shall  be  made  to  prevent  the 
contents  in  the  compartments  from  becoming 
a  hazard  by  shifting  under  the  loads  specified 
in  paragraph  (a)  of  this  section. 

(c)  Provisions  shall  be  made  to  protect  the 
passengers  and  crew  from  injury  by  the  con¬ 
tents  of  any  compartment,  taking  into  account 
the  emergency  landing  conditions  of  section 
4b.260. 
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Emergency  Provisions 

4b.M0  GeMral.  The  requirements  of 
sectioiM  4b.S61  snd  4b.362  shall  applj  to  the 
emerfency  provisiotts. 

4b.S61  Ditching.  Compliance  with  this 
section  is  optional.  The  requirements  of  this 
section  are  intended  to  safeguard  the  occupants 
in  the  event  of  an  emergency  landing  during 
overwater  flight.  When  compliance  is  shown 
with  the  provisions  of  paragraphs  (a)  through 
(e)  of  this  section  and  with  the  provisions  of 
sections  4bJ62  (d),  4b.645,  and  4b.646,  the 
type  certificate  shall  include  certification  to  that 
effect.  When  an  airplane  is  certificated  to 
include  ditching  provisions,  the  recommended 
ditching  iMOcedures  established  on  the  basis  of 
these  requirements  shall  be  set  forth  in  the 
Air^ane  Flight  Manual  (see  sec.  4b.742  (d)). 

(a)  All  practicable  desigu  measures  compati¬ 
ble  with  the  general  characteristics  of  the  type 
airplane  shall  be  taken  to  ndnimiae  the  chance 
ofany  behavior  of  the  airplane  in  an  emergency 
landing  on  water  which  would  be  likely  to  cause 
inunediate  injury  to  the  occupants  or  to  make 
tt  impossible  for  them  to  escape  from  the  air- 
l^ane.  The  probaUe  behavior  of  the  airplane 
in  a  wat«r  landing  shall  be  investigate  by 
model  terts  or  by  comparison  with  airplanes  of 
similar  configuration  for  which  the  ditching 
characteristics  are  known.  In  this  investiga¬ 
tion  account  shall  be  taken  of  scoops,  flaps, 
projectkms,  and  all  oth«  factors  likely  to  affect 
the  hydrodynamic  characteristics  of  the  actual 
airplane. 

(b)  It  shaD  be  shown  that  under  reasmiably 
probahle  water  conditions  the  flotation  time 
and  trim  of  the  airplane  will  permit  all  occu¬ 
pants  to  leave  the  airplane  and  to  occupy  the 
life  rafts  required  by  section  4b.645.  If  com- 
^iance  with  this  provision  is  shown  by  buoy¬ 
ancy  and  trim  computations,  impropriate  allow- 
ances  shall  be  made  for  probable  structural 
damage  and  leakage. 

Non:  Ib  Uw  case  of  tad  tanka  vUeh  ar«  esnfppod 
with  tad  JdUaoalnc  prodatona  and  whicb  can  bo  rea- 
aonnbly  emoctod  to  wltbatand  a  dlteUng  withont  leak* 
ate,  the  JettlaonnUe  Tdame  of  tael  may  be  conddered 
as  hsopnsey  vdnnie. 

(c)  Eitmnal  dows  and  windows  shall  be 
desigaed  to  withstand  the  probable  maximum 


local  pressures,  unless  the  effects  of  the  col¬ 
lapse  of  such  parts  are  taken  into  account  in 
the  investigation  of  the  probable  behavior  of 
the  airplane  in  a  water  landing  as  prescribed  in 
paragraphs  (a)  and  (b)  of  this  section. 

4b.362  Emergency  evacuation.  Crew 
and  passenger  areas  shall  be  provided  with 
emergency  evacuation  means  to  permit  raind 
egress  in  the  event  of  crash  landings,  whether 
with  the  landing  gear  extended  or  retracted, 
taking  into  account  the  possibility  of  the  air¬ 
plane  being  on  fire.  If  the  airplane  is  divided 
into  separate  compartments  arranged  so  that 
the  minimum  unobkructed  passageway  between 
such  compartments  is  not  available  as  required 
by  paragraph  (g)  of  this  section,  requirements 
of  this  section  shall  be  to  ^ch  compart¬ 

ment  independently.  Passenger  and  crew 
entrances  and  service  doors  shall  be  conadered 
as  emergency  exits  if  they  meet  the  imP^cable 
requirements  of  this  section. 

(a)  Flight  crew  emergency  exit$.  Flight 
crew  emergency  exits  shall  be  located  in  the 
flight  crew  area,  one  on  each  side  of  the  air¬ 
plane,  or,  alternatively,  a  top  hatch  shall  be 
provided.  Such  exits  shall  be  of  sufficient 
rize  and  shall  be  so  located  as  to  permit  rapid 
evacuation  by  the  crew.  Such  exits  shall  not 
be  required  in  airplanes  having  a  passenger 
capacity  of  20  or  less  if  the  Administrator  finds 
that  the  proximity  of  passenger  emergency  exits 
to  the  flight  crew  area  offers  a  convenient  and 
readily  accessible  means  of  evacuation  for  the 
flight  crew. 

(b)  Paseenger  emergency  exits;  type 
and  location.  All  required  exits  shall  be  in 
such  qieciflc  locations  as  will  afford  the  most 
effective  means  of  passenger  evacuation.  The 
type  of  exits  and  their  general  location  shall  be 
as  follows: 

(1)  Type  I:  A  rectangular  iqiening  of  not 
less  than  24  inches  wide  by  48  inches  high, 
with  comer  radii  not  greater  than  %  the  width 
of  the  exit.  The  first  Type  I  exit  on  each  side 
of  the  ftiselage  shall  be  located  on  the  aft  por¬ 
tion  of  the  passenger  compartment  unless  the 
ranfiguration  of  the  airplane  is  such  that  some 
other  location  would  afford  a  more  effective 
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■MMU  ot  iMMenger  eraciution.  All  Typ«  I 
ozits  ahall  be  floor  lerel  exits. 

(2)  Type  II:  A  rectangular  opening  of  not 
leas  than  20  inches  wide  by  44  inches  high, 
with  comer  radii  not  greater  than  %  the  width 
of  the  exit.  Unless  Type  I  exits  are  required, 
one  Type  II  exit  on  each  side  of  the  fuselage 
shall  be  located  in  the  aft  portion  of  the  pas¬ 
senger  compartment  except  where  the  config¬ 
uration  of  the  airplane  is  such  that  some  other 
location  would  afford  a  more  effectixe  means  of 
passenger  exacnation.  Type  II  exits  shall  be 
floor  lexel  exits  unless  located  oxer  the  wing  in 
which  case  they  shall  haxe  a  step-up  inade  the 
airplane  of  not  more  than  10  inches  and  a 
step-down  outside  the  airplane  of  not  more 
than  17  inches. 

(3)  Type  III:  A  rectangular  opening  of  not 
less  than  20  inches  wide  by  36  inches  high, 
xrith  corner  radii  not  greater  than  %  the  uridth 
of  the  eidt,  located  oxer  the  wing  with  a  step-up 
inside  the  airplane  of  not  more  than  20  inches 
and  a  step-down  outside  the  airplane  of  not 
more  than  27  inches. 

(4)  Type  IV:  A  rectangular  opening  of  not 
less  than  19  inches  xdde  by  26  inches  high, 
with  comer  radii  not  greater  than  %  the  width 
of  the  exit,  located  oxer  the  wing  with  a  step-up 
inside  the  airplane  of  not  more  than  29  inches 
and  a  step-down  outside  the  airplane  of  not 
uMMre  than  36  inches. 

NotS;  Larger  openings  than  those  specified  in 
parsgrsph  (b)  of  this  section  shall  be  acceptable, 
whether  or  not  of  rectangnlar  shape,  provided  that  the 
specified  rectangnlar  openings  can  be  inscribed  therdn, 
and  Provided  farther  that  the  base  of  the  Inscribed 
reetaagnlar  opening  meets  the  specified  step-np  and 
step-down  heights. 

(c)  Pa$aenger  emergency  exile;  number 
required.  Emergency  exits  of  the  type  and 
location  prescribed  in  paragraph  (b)  of  this 
section  shall  be  accessible  to  the  passengers 
and  shall  be  proxided  in  accordance  with  sub- 
paragn^hs  (1)  through  (5)  of  this  paragraph. 

(1)  The  relation  between  the  passenger 
seatiiv  edacity  and  the  type  and  number  of 
exits  proxided  on  each  side  of  the  airplane  shall 
be  as  ftrilows: 


Pasaenger  seating 
capacity 

1 

Emergency  exits  required 
on  each  side  of  the  fuselage 

Type 

I 

Type 

U 

’ar 

Type 

IV 

1  to  10  inclusive..  _ 

1 

11  to  19  inclusive _ 

1 

20  to  39  incl naive _ 

1 

1 

40  to  59  inclusive.-  _ 

1 

1 

50  to  79  Inclnaive..  _ 

1 

1 

80  to  100  inclusive _ 

1 

1 

1 

110  to  139  inclusive _ 

2 

1 

140  to  179  inclusive _ 

2 

2 

180  to  219  inclnaive _ 

2^ 

2 

NotB:  Althongh  siniilsr  exits  snd  their  locstions 
are  prescribed  for  each  side  of  the  fuselage,  it  is  not 
the  intent  of  this  regulation  to  require  that  the  exits 
necessarily  be  at  locations  diametrically  oppodte  each 
other. 

(2)  Additional  exits  shall  be  proxided  on 
idrplanes  haxing  220  or  more  passengers. 
The  additional  exits  shall  proxide  an  effectixe 
means  of  passenger  exacuation  consistent  with 
the  minima  proxided  in  the  table  in  subpara¬ 
graph  (1)  of  this  paragraph. 

(3)  In  applying  subparagraph  (1)  of  this 
paragraph,  it  shall  be  acceptable  to  install  2 
Type  IV  exits  in  lien  of  each  required  Type 
in  exit. 

(4)  If  the  Administratm  finds  that  there 
exist  compensating  factors  in  the  emergency 
exacuation  means  proxided,  it  shall  be  permis¬ 
sible  to  increase  the  passenger  seating  c^tacity 
beyond  that  shown  in  subparagraph  (1)  of  this 
paragraph,  except  that  such  increase  in  seating 
capacity  shall  in  no  case  exceed  10  passengers. 

(5)  On  airplanes  where  the  xertical  location 
of  the  wing  does  not  permit  the  installation  of 
oxer-wing  exits,  an  exit  the  dimensions  of  which 
are  not  less  than  those  prescribed  in  paragriqih 
(b)  (3)  of  this  section  shall  be  installed  for 
each  Type  in  and  each  Type  IV  exit  required 
by  subparagraph  (1)  of  this  paragraph. 

(d)  Ditching  emergency  exits.  Except 
as  otherwise  proxided  in  this  paragraph,  at 
least  2  exits,  one  on  each  ade  of  the  airplane, 
meeting  the  minimum  dimensions  of  the  exits 
specified  hi  paragraph  (b)  (3)  of  this  section  and 
located  aboxe  the  water  lexel,  shall  be  proxided. 
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Ob  airj^Uuies  witli  a  puseager  seating  capacity 
of  10  or  less,  the  minimam  dimenaons  of  the 
exit  spedfled  in  paragraph  (b)(4)  of  this  sec¬ 
tion  idiall  be  acceptable.  In  addition,  it  shaU 
be  shown  that  there  is  not  less  than  one 
emergency  exit  located  above  the  water  level 
for  every  35  passengers.  It  shall  be  permissible 
to  snbstitiite  2  type  IV  exits  for  each  required 
type  in  exit.  When  the  configuration  of  the 
airi^ane  is  such  that  it  will  not  permit  the  loca¬ 
tion  of  side  exits  above  the  water  level,  the 
required  number  of  side  exits  shall  be  replaced 
by  an  equal  number  of  overhead  hatches  of 
not  less  than  the  dimensions  of  exits  specified 
in  paragraph  (b)  (3)  of  this  section,  except 
that  on  air^anes  having  a  passenger  capacity 
of  35  or  less  only  one  such  overhead  hatch 
need  be  provided. 

(e)  Emergency  exit  arrangement. 

(1)  Emergency  exits  shall  consist  of  mov¬ 
able  doors  or  hatches  in  the  external  walls  of 
the  fhselage  and  shall  provide  an  unobstructed 
opening  to  the  outside. 

(2)  AH  emergency  exits  shall  be  openable 
from  the  inside  and  frwm  the  outside  except 
that  aUding  window  emergency  exits  in  the 
flight  crew  area  need  not  be  openable  from  the 
outside  if  the  Administrator  finds  that  the 
proximity  of  other  approved  exits  makes  them 
coBvmiiait  and  readUy  accessible  to  the  flight 
crow  area. 

(3)  The  means  of  opening  emergency  exits 
shall  he  simple  and  ob^ous  and  shall  not  re¬ 
quire  exceptional  effort  of  a  person  opening 
them. 

(4)  Means  shall  be  provided  for  locking 
each  emergency  exit  and  for  safeguarding 
against  opening  in  flight  either  inadvertently 
by  persmis  or  as  a  result  of  mechanical  failure. 

(5)  Means  shall  le  provided  fm  a  direct 
visual  inspection  of  the  locking  mechanism  by 
CTOwmembers  to  ascertain  whether  all  emer¬ 
gency  exits  for  which  the  initial  iqiening  move¬ 
ment  is  outward  are  frilly  locked. 

(fi)  Provisimi  shall  be  made  to  minimise 
the  ponibility  of  jammiBg  of  emergency  exits  as 
a  result  of  Aiselage  deformation  in  a  minor 
crash  landing. 

(7)  For  all  landpiane  emergency  exits 
other  than  exits  located  over  the  wing 
which  are  more  than  6  feet  from  the  ground 


with  the  airplane  on  the  ground  and  the 
landing  gear  extended,  approved  means  shall 
be  provided  to  assist  the  occupants  in  descend¬ 
ing  to  the  ground. 

(8)  The  proper  functioning  of  emergency 
exit  instaUations  shall  be  demonstrated  by  test. 

(f)  Emergency  exit  marking. 

(1)  All  passenger  emergency  exits,  their 
means  of  access,  and  their  means  of  opening 
shall  be  marked  conspicuously.  The  identity 
and  location  of  emergency  exits  shall  be  recog¬ 
nisable  from  a  distance  equal  to  the  width  of  the 
cabin.  The  location  of  the  emergency  exit 
operating  handle  and  the  instructions  for  open¬ 
ing  shall  be  marked  on  or  adjacent  to  the 
emergency  exit  and  shall  be  readable  from  a 
distance  of  30  inches. 

(2)  A  source  or  sources  of  light,  with  an 
energy  snp|dy  independent  of  the  main  lighting 
system,  shall  be  installed  to  illuminate  ail 
passenger  emergency  exit  markings.  Such 
lights  shall  be  designed  to  function  automati¬ 
cally  in  a  crash  landing  and  shall  also  be 
operable  manually. 

(3)  All  emergency  exits  which  are  re¬ 
quired  to  be  openable  from  the  outside,  and 
thdr  means  of  opening  shall  be  marked  on  the 
outside  of  the  airplane  for  guidance  of  rescue 
personnel. 

(g)  Emergency  exit  accees.  Passageways 
between  individual  compartments  of  the  pas¬ 
senger  area  and  passageways  leading  to  Type  I 
and  Type  II  emergency  exits  (see  paragraph  (b) 
of  this  section)  shall  Im  unobstructed  and  shall 
be  not  less  than  20  inches  wide.  Adjacent  to 
emeigency  exits  where  assisting  means  are 
required  by  paragraph  (e)  (7)  of  this  section, 
there  shall  be  sufficient  additional  space  to 
allow  a  crewmember  to  assist  in  the  evacuation 
of  passengers  without  reduction  in  the  unob¬ 
structed  width  of  the  passageway  to  such  exit. 

Access  shall  be  provided  from  the  main 
aisle  to  all  Type  III  and  Type  IV  exits  and  such 
access  shall  n^  be  obstructed  by  seats,  berths, 
or  other  protrusions  to  an  extent  which  would 
reduce  the  effectiveness  of  the  exit,  except 
that  minor  obstructions  shall  be  permissible  if 
the  Administrator  finds  that  compensatiiig 
factors  are  present  to  maintain  the  effectiveness 
of  the  exit.  If  it  is  necessary  to  pass  through 
a  doorway  to  reach  any  required  emergency 
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exit  from  eny  seat  in  the  passenger  cabin,  the 
door  shall  be  prorided  with  a  means  to  latch 
it  in  the  open  position.  A  suitable  idacard 
stating  that  the  door  is  to  be  latched  in  the 
open  portion  daring  takeoff  and  landing  shall 
be  installed. 

[(h)  Width  of  main  aUle,  The  main 
passenger  aisle  width  at  any  point  between  seats 
shall  not  be  less  than  the  ralues  in  the  following 
table: 


Passenger  seating 
capacity 

Minimum  main  passenger 
aisle  width 

Less  than  25 
Inches  from 
floor 

25  inches  and 
more  from 
floor 

10  or  less _ 

Inches 

12 

12 

15 

Inches 

18 

20 

20 

11  to  19 . . 

20  or  more.. . 

[(Amendment  4b-l2.  published  27  F.  R.  2986 
Mar.  SO.  1962.  effective  May  3.  1962.)] 

4b.362-l  Flighi  crew  emergency  erits  {FAA 
policies  which  apply  to  sec.  4h.S62  (a)). 

(a)  A  flight  crew  area  emerge  uo’  exit  should 
be  a  minimum  of  19  by  20  inches  unobstructed 
rectangular  opening;  however,  other  size  and 
shape  minimums  will  also  be  acceptable  pro¬ 
viding  a  demonstration  of  exit  utility,  using 
typical  flight  crew  personnel,  is  satisfactorily 
demonstrated  to  the  Administrator. 

(b)  The  provisions  of  section  4b.362  (e)  (2) 
throi^h  (8)  and  4b.362  (f)  are  also  applicable 
to  flight  crew  emergency  exits,  ^^en  the 
internal  exit  “opening  means”  involves  sequence 
operations,  operation  of  two  handles  or  latches, 
release  of  safety  catches,  etc.,  such  means  will 
be  acceptable  for  flight  crew  exits  when  it  can 
be  reasonably  established  that  the  means  will 
be  “simple  and  obvious”  to  crewmembers 
trained  in  their  use. 

(23  F.  R.  2789,  Apr.  26, 1968,  effective  May  5,  1958.) 

4b.362-2  Step-down  distance  (,FAA  in¬ 
terpretations  which  apply  to  sec.  4h.S62  (b)). 
The  step-down  distances  specified  in  section 
4b.362  (b)  (2),  (3),  and  (4)  mean  the  actual 
distances  between  the  bottom  of  the  required 
openings  and  a  usable  foothold  which  extends 


out  from  the  fuselage  and  is  large  enough  to  be 
effective  without  searching  visually  or  by  feel. 

(23  F.  R.  2789,  Apr.  26, 1958,  effective  -May  5,  1958.) 

4b.362-3  Number  of  passengers  {FAA  pol¬ 
icies  which  apply  to  sec.  4b. 362  (c)). 

(a)  Cabin  attendants  are  considered  part 
of  the  crew  and  are  not  included  in  the  pas¬ 
senger  seating  capacity  (section  4b.362  (c)  (1)). 

(b)  The  following  compensatory  factor  in 
emergency  evacuation  means  will  be  acceptable 
for  an  increase  in  the  passenger  seating  capacity 
beyond  the  limits  specified  in  section  4b. 362  (c) 
(1). 

(1)  The  installation  of  an  approved  in¬ 
flatable  sl'de  at  each  floor  level  exit,  other  than 
over  the  wing  exits,  is  acceptable  for, 

(i)  An  increase  of  no  more  than  5 
passengers  on  airplanes  having  at  least  2  such 
exits;  or 

(ii)  An  increase  of  no  more  than  10 
passengers  on  airplanes  having  at  least  4  such 
exits. 

(23  F.  R.  2789,  Apr.  26,  1958,  effective  May  5, 1958.) 

4b.362-4  Emergency  exit  design  descent 
mean**®  (FAA  policies  which  apply  to  sec.  4b. 362 
{e)  (7)). 

(a)  The  assist  device  required  for  crew  exits 
may  be  a  rope  or  any  other  device  demonstrated 
to  be  suitable  for  the  purpose.  If  a  rope  is 
provided,  it  should  be  attached  to  the  fuselage 
structure  at  or  above  the  upper  limit  of  the 
exit  opening.  The  rope  and  attachment  should 
be  capable  of  withstanding  a  400-pound  static 
load. 

(b)  When  required  by  section  4b.362  (e)  (7) 
at  floor  level  passenger  exits,  the  approved 
means  may  be  an  inflatable  slide,  a  noninflatable 
slide,  or  any  other  device  approved  by  FAA  as 
suitable  for  the  purpose.  Ropes  or  ladders  will 
not  be  approved  as  descent  means  for  use  at  floor 
level  passenger  exits. 

(23  F.  R.  2789,  Apr.  26, 1958,  effective  May  5,  1958.) 

>'  Conslderatioii  sboidd  be  given  to  such  tactora  affecting  the  atlUty 
of  Type  in  and  Type  IV  exits  as  weight,  ease  of  handling,  provision  of 
handholds,  stowage  space,  adequacy  of  instructions,  etc.  A  side  hinged 
or  extona]  opening  exit  would  not  be  as  critical  bom  the  weight  stand¬ 
point  as  one  removed  Inwardly  which  must  be  moved  an  appreciable 
distance  to  dear  tbe  exit  approach. 
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4b.362-5  Emergejicy  exit  marking  {FAA 
policies  which  apply  to  sec.  J^b.SSZ  (/)). 

(a)  Exits  in  excess  of  the  number  required 
by  the  table  in  section  4b.362  (c)  (1),  need  not 
be  marked  as  emergency  exits,  but  if  so  marked, 
such  exits  must  meet  all  requirements  of  section 
4b.362  for  the  particular  type. 

(b)  Emergency  exits  used  solely  for  emer¬ 
gency  evacuation  of  the  aircraft  should  be 
marked  “Emergency  Exit.”  Emergency  exits 
customarily  used  in  entering  or  leaving  the  air¬ 
plane  need  only  be  marked  with  the  word 
“Exit.”  In  either  case,  the  marking  should  be 
in  red  or  in  another  color  which  provides  ade¬ 
quate  contrast  where  red  might  be  ineffective 
against  the  cabin  color  scheme. 

(c)  Opening  instructions  when  not  on  the 
exit  should  be  immediately  beside  the  exit  and 
no  special  effort  should  be  required  by  a  person 
having  20/20  vision  to  read  these  instructions. 
Readability  should  be  evaluated  under  repre¬ 
sentative  day  and  emergency  night  lighting 
conditions. 

(23  F.  R.  2790,  Apr.  26, 1958,  effective  May  5, 1958.) 

4b.362-6  Emergency  exit  access  (FAA  pol¬ 
icies  which  apply  to  sec.  Jib.S62  (g)). 

(a)  Attendant  seating  facilities  ”  should  not 
normally  result  in  any  reduction  in  required  aisle 
widths,  passageways  between  compartments,  or 
the  minimum  20-inch  passageway  leading  to 
Types  I  and  II  exits.  Attendants  seating  facil¬ 
ities  provided  with  any  acceptable  means  of 
clearing  the  passageway  immediately  is  not  con¬ 
sidered  as  being  an  obstruction  to  these  passage- 
wa3r8.  An  acceptable  means  of  demonstrating 
compliance  would  be  a  spring  loaded  attendant 
seat  which  provides  automatic  retraction  when 
the  seat  is  vacated.  Unless  the  seat  is  aft  facing, 
the  seat  should  also  be  equipped  with  a  shoulder 
harness. 

(b)  When  it  is  required  that  there  be  an  area 
adjacent  to  an  exit  to  permit  a  crewmember  to 
assist  passengers  in  the  use  of  escape  devices,  a 
12-  by  20-inch  area  with  the  long  dimension 
parallel  to  and  clear  of  the  required  20-inch  exit 

■'  Under  mcli  leatlnc  amaseittents,  partlcnhr  attention  should  be 
dinetod  to  eomidianee  with  section  4b.aa0  (o)  to  protect  the  attendant 
tmn  Inaapadtation  bj  alroraft  or  caller  eqalpment. 


approach  passageway  or  equivalent  facility 
should  be  provided.  The  art*a  should  be  ade¬ 
quate  to  permit  an  attendant  to  stand  erect  and 
to  perform  needed  assist  services  in  the  evacua¬ 
tion  of  passengers. 

(c)  Projection  of  the  seat  backs  into  the 
minimum  required  exit  opening  may  be  per¬ 
mitted  only  if  the  seat  back  can  be  pushed 
forward  or  aft  to  clear  the  opening  with  the 
seat  occupied.  The  force  required  to  push  the 
seat  back  away  from  the  opening  should  be  as 
low  as  practicable  and  should  not  exceed  a 
maximum  of  35  pounds  with  the  seat  unoccu¬ 
pied.  The  action  should  not  require  operation 
of  any  mechanical  release.  A  clear  opening 
should  permit  the  required  minimum  exit  shape 
to  be  projected  inward  past  the  seat  bottom 
and  back  cushion.  Minor  protrusion  of  the  seat 
upholstery  is  acceptable  if  it  does  not  interfere 
with  exit  removal  and  if  it  could  be  compressed 
without  special  effort  by  the  person  (s)  using 
the  exit. 

(d)  Armrests,  curtains,  or  other  protuber¬ 
ances  should  not  restrict  the  required  minimum 
opening  unless  they  are  removed  simultaneously 
with  opening  of  the  exit. 

(e)  Berth  installations,  whether  or  not  made 
up,  should  not  decrease  the  accessibility  and 
utility  of  emergency  exits. 

(23  F.  R.  2790,  Apr.  26, 1958,  effective  May  5,  1958.) 

4b.362-7  Width  of  main  aisle  (FAA  policies 
which  apply  to  sec.  4b.S62  (h)).  In  determining 
compliance  with  aisle  width  requirements  in  an 
airplane  so  arranged  that  passengers  face  the 
aisle,  the  minimum  aisle  should  be  considered 
to  begin  at  a  point  12  inches  forward  of  the 
leading  edge  of  each  seat. 

(23  F.  R.  2790,  Apr.  26, 1958,  effective  May  5,  1958. 

Ventilation,  Heating,  and 
Pressurization 

4b.370  (weneral.  Thereqniremeiitsofsec- 
tions  4b.371  through  4b.376  shall  apply  to  the 
ventilation,  heating,  and  pressurization  of  the 
aircraft 

4b.371  Ventilation. 

(a)  All  crew  compartments  shall  be  venti¬ 
lated  by  providing  a  sufficient  amount  of  fresh 
air  to  enable  the  crewmembers  to  perform 
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their  duties  without  undue  discomfort  or 
fatigue. 

Notb:  An  oatdde  air  supply  of  approximately  10 
cnbie  feet  per  minute  is  considered  a  minimum  for 
each  crewmember. 

(b)  Ventilating  air  in  crew  and  passenger 
compartments  shall  be  free  of  harmful  or 
hazardous  concentrations  of  gases  or  vapors. 

Note:  Carbon  monoxide  concentrations  in  excess  of 
one  part  in  20,000  parts  of  air  are  considered  baxardons. 
Carbon  dioxide  in  excess  of  3  percent  by  volume  (sea 
level  equivalent)  is  considered  hazardous  in  the  ease  of 
crewmembers.  Higher  concentrations  of  carbon 
dioxide  may  not  necessarily  be  hazardous  in  crew 
compartments  if  appropriate  protective  breathing 
equipment  is  available. 

(c)  Provision  shall  be  made  to  insure  the 
conditions  prescribed  in  paragraph  (b)  of  this 
section  in  the  event  of  reasonably  probable 
failures  or  malfunctioning  of  the  ventilating, 
heating,  pressurization,  or  other  systems  and 
equipment.  If  accumulation  of  hazardous 
quantities  of  smoke  in  the  cockpit  area  is 
reasonably  probable,  smoke  evacuation  shall 
be  readily  accomplished  starting  with  full 
pressurization  and  without  depressurizing  be¬ 
yond  safe  limits  (see  sec.  4b.374  (b)). 

Note:  Examples  of  acceptable  provisions  include 
secondary  isolation,  integral  protective  devices,  and 
crew  warning  and  shutoff  for  equipment  the  malfunc¬ 
tioning  of  which  could  introduce  harmful  or  hazardous 
quantities  of  smoke  or  gases. 

(d)  [Deleted.] 

(e)  Means  shall  be  provided  to  enable  the 
crew  to  contrtd  the  temperature  and  quantity  of 
ventilating  air  supplied  to  the  crew  compart¬ 
ment  independentiy  of  the  temperature  and 
quantity  of  ventilating  air  supplied  to  other 
compartments. 

[(Amendment  4b-12,  published  27  F.  R.  2986,  Mar. 
30, 1962,  effective  May  3,  1962.)] 

4b.371-l  Carbqn  monoxide  detection  {FAA 
policies  which  ap^y  to  sec.  41>-S71).  Policies 
outlined  in  section  4b.467-l  will  apply. 

(19  F.  R.  4463,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.372  Heating  eystems.  Combustion 
heaters  shall  be  of  an  approved  type  and  shall 
comply  with  the  fire  iwotection  requirements  of 
section  4b.386.  Engine  exhaust  heaters  shall 
ctunfriy  with  the  provisions  of  section  4b.467 
(e)  and  (d). 


4b.372-l  Combustion  heaters  equipped  with 
carbon  dioxide  fire  extinguishers  {FAA  policies 
which  apply  to  sec.  4b.372).  The  policies  as 
outlined  in  section  4b.484-l  apply. 

(19  F.  R.  4463,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.373  Pressurized  cabins;  general.  The 
design  of  pressurized  cabins  shall  comply  with 
the  requirements  of  sections  4b.374  through 
4b.376.  (See  also  secs.  4b.216  (c)  and  4b.352, 
and  the  oxygen  requirements  of  the  ^ipropriate 
operating  parts  of  the  Civil  Air  Regulations.) 

4b.374  Pressure  equipment  and  supply. 
(See  sec.  4b.477  (c).) 

(a)  Occupied  cabins  or  compartments  of 
airplanes  shall  be  equipped  to  provide  a  cabin 
pressure  altitude  of  not  more  than  8,000  feet 
at  the  maximum  operating  altitude  of  the  air¬ 
plane  under  normal  operating  conditions. 

(b)  Airplanes  certificated  for  operation  at 
altitudes  over  25,000  feet  shall  be  capable  of 
maintaining  a  cabin  pressure  altitude  of  not 
more  than  15,000  feet  in  the  event  of  any  rea¬ 
sonably  probable  failure  or  malfunction  in  the 
{H-essurization  system. 

4b.375  Pressure  control.  Pressurized 
cabins  shall  be  provided  vrith  at  least  the  fol¬ 
lowing  valves,  controls,  and  indicators  for  con¬ 
trolling  cabin  pressure. 

(a)  Two  pressure  relief  valves,  at  least  one 
of  which  is  the  normal  regulating  valve,  shall  be 
installed  to  limit  automatically  the  positive 
pressure  differential  to  a  iwedetermined  value 
at  the  maximum  rate  of  flow  delivered  by  the 
pressure  source.  The  combined  capacity  of 
the  relief  valves  shall  be  such  that  the  failure 
of  any  one  valve  would  not  cause  an  appreciable 
rise  in  the  pressure  differential.  The  pressure 
differential  shall  be  considered  positive  when 
the  internal  pressure  is  greater  than  the  ex¬ 
ternal. 

(b)  Two  reverse  pressure  differential  relief 
valves  (or  equivalent)  shall  be  installed  to  pre¬ 
vent  automatically  a  n^ative  pressure  differ¬ 
ential  which  would  damage  the  structure,  except 
that  one  such  valve  shall  be  considered  suffi- 
dent  if  it  is  of  a  design  which  reasonably 
precludes  its  malfunctioning. 

(c)  Means  shall  be  provided  by  which  the 
{Kressnre  differential  can  be  rapidly  equalized. 

(d)  An  automatic  or  mannsJ  regulator  for 
controlling  the  intake  and/or  exhaust  air  flow 
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dttU  be  installed  so  that  the  required  internal 
pressures  and  air  flow  rates  can  1^  maintained. 

(e)  Instruments  shall  be  provided  at  the 
pilot  or  flight  engineer  station  showing  the 
pressure  diiferential,  the  absolute  pressure  in 
the  cabin,  and  the  rate  of  change  of  the  abso¬ 
lute  pressure. 

(f)  Warning  indication  shall  be  provided  at 
the  pilot  or  flight  engineer  station  to  indicate 
when  the  safe  or  preset  limits  on  pressure 
diiferential  and  on  absolute  cabin  pressure  are 
exceeded. 

(g)  If  the  structure  is  not  designed  for  pres- 
sme  differentials  up  to  the  maximun  relief 
valve  setting  in  combination  with  landing  loads 
(see  sec.  4b.216  (c)),  a  warning  iflacard  shall 
be  placed  at  the  pilot  or  flight  engineer  station. 

4b.375-l  Warning  indication  (FAA  'policies 
which  appl-y  to  sec.  4b.S75  (/)). 

(a)  Cabin  pressure  differential  warning.  Be¬ 
cause  of  the  protection  provided  by  the  required 
duplication  of  pressure  relief  valves,  appropriate 
warning  markings  on  the  cabin  pressure  differ¬ 
ential  indicator  will  meet  the  requirement  for  a 
warmng  indication  to  the  pilot  or  flight  engineer 
when  the  safe  or  preset  cabin  pressure  differen¬ 
tial  limits  are  exceeded. 

(b)  Cabin  absolute  pressure  vjaming.  An 
aural  or  visual  signal  in  addition  to  cabin  alti¬ 
tude  indicating  means  will  meet  the  require¬ 
ments  for  a  warning  indication  to  the  pilot  or 
flight  engineer  when  the  cabin  absolute  pressure 
is  reduced  below  that  equivalent  to  10,000 
feet. 

(23  F.  R.  2790,  Apr.  26, 1958,  effective  May  5,  1958.) 

4b.376  Tests. 

(a)  Strength  test.  The  complete  pressur¬ 
ized  cabin,  including  doors,  windows,  and  all 
valves,  shall  be  tested  as  a  pressure  vessel  for 
the  pressure  differential  specific  J  in  section 
4b.216  (c)  (3). 

(b)  Functional  tests.  The  following  func¬ 
tional  tests  shall  be  performed. 

(1)  To  simulate  the  condition  of  regulator 
valves  closed,  the  functioning  and  the  capacity 
shall  be  tested  of  the  positive  and  negative 
pessure  differential  valves  and  of  the  emer¬ 
gency  release  valve. 

(2)  All  parts  of  the  [wessnrization  system 
shall  be  tested  to  show  proper  functioning  under 


all  possible  conditions  of  pressure,  tempera¬ 
ture,  and  moisture  up  to  the  maximum  altitude 
selected  for  certification. 

(3)  Flight  tests  shall  be  conducted  to 
demonstrate  the  performance  of  the  pressure 
supply,  pressure  and  flow  regulators,  indicators, 
and  warning  signals  in  steady  and  stepped 
climbs  and  descents  at  rates  corresponding 
with  the  maximum  attainable  without  exceed¬ 
ing  the  operating  limitations  of  the  airplane  up 
to  the  maximum  altitudes  elected  for  certi¬ 
fication. 

(4)  All  doors  and  emergency  exits  shall  be 
tested  to  ascertain  that  they  operate  properly 
after  being  subjected  to  the  flight  tests  pre¬ 
scribed  in  subparagraph  (3)  of  this  paragraph. 

Fire  Protection 

4b. 380  General.  Compliance  shall  be 
shown  with  the  fire  protection  requirements 
of  sections  4b.381  through  4b.386.  (See  also 
secs.  4b.480  through  4b.490.)  In  addition,  the 
following  shall  apply. 

(a)  Hand  Are  extinguishers.  Hand  fire 
extinguishers  shall  be  of  an  approved  type. 
The  types  and  quantities  of  extinguisUng 
agents  shall  be  appropriate  for  the  types  of 
fires  likely  to  occur  in  the  compartments  where 
the  extinguishers  are  intended  for  use.  Ex¬ 
tinguishers  intended  for  use  in  personnel  com¬ 
partments  shall  be  such  as  to  minimize  the 
hazard  of  toxic  gas  concentrations. 

(b)  Built-in  Are  extinguishers.  Where  a 
built-in  fire-extinguishing  system  is  required, 
its  capacity  in  relation  to  the  compartment 
volume  and  ventilation  rate  shall  be  suflBcient 
to  combat  any  fire  likely  to  occur  in  the  com¬ 
partment.  All  built-in  fire  extinguishing  sys¬ 
tems  shall  be  so  installed  that  any  extinguisher 
agent  likely  to  enter  personnel  compartments 
will  not  be  hazardous  to  the  occupants  and  that 
discharge  of  the  extinguisher  cannot  result  in 
structural  damage.  (See  also  sec.  4b.371.) 

(c)  Protective  breathing  equipment.  If 
the  airplane  contains  Class  A,  B,  or  E  cargo  com¬ 
partments  (see  sec.  4b.383),  protective  breath¬ 
ing  equipment  shall  be  installed  for  the  use  of 
appropriate  crewmembers.  (See  sec.  4b.651 

(h).) 
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4b.380-l  Protective  breathing  equipment 
(FAA  policies  which  apply  to  sec.  4b.S80  (e)). 
The  policies  outlined  in  section  4b.651-2  apply. 

(19  F.  R.  4463,  JuJy  20,  1954,  effective  Sept.  1,  1954.) 

4b.380-2  Approved  hand  fire  extinguishers 
(FAA  policies  which  apply  to  see.  4b.S80  (a)). 

(a)  Standards  for  approval.  An  approved 
t3rpe  fire  extinguisher  includes  those  approved 
by  the  Underwriters’  Laboratories,  Inc.,  Fac¬ 
tory  Mutual  Laboratories,  Underwriters’  Lab¬ 
oratories  of  Canada,  or  any  other  agency  deemed 
qualified  by  the  Administrator,  or  approved  by 
the  Administrator  in  accordance  with  the  pro¬ 
visions  of  section  4b.  18. 

(b)  General.  When  selecting  a  hand  fire 
extinguisher  for  use  in  aircraft,  consideration 
should  be  given  to  the  most  appropriate  ex¬ 
tinguishing  agent  for  the  type  and  location  of 
fires  “  likely  to  be  encountered.  Consideration 
should  also  h>  ^i^^n  to  the  agent’s  ratio  of  ex¬ 
tinguishing  ability  to  quantity  required,  tox¬ 
icity,**  corrosive  properties,  fre*^  dng  point,  and 
to  ^e  unit’s  gross  weight,  eeLDe  of  operation,  and 
maintenance  requirements.  Aircraft  hand  fire 
extinguishers  using  agents  having  a  rating  in 
toxicity  Group  4  or  under  should  not  be  in¬ 
stalled  in  airplanes  for  which  an  application  for 
a  type  certificate  was  made  on  or  after  March 
5,  1952.*“ 

(c)  Types  of  extinguishers. 

(1)  Carbon  dioxide  extinguishers.^  Carbon 
dioxide  extinguishers  are  acceptable  when  the 

**  CUa*  A  fira—Ttno  In  ordinary  oombostlble  msteriab  where  tb« 
quenching  and  cooling  effects  o(  quantities  of  water,  or  solutions  contain¬ 
ing  large  percentages  of  water,  are  of  first  importance. 

Cla$$  n /Iro— Fires  in  flammable  liquids,  greases,  etc.,  where  a  blanket¬ 
ing  effect  is  essential. 

Ctait  Olfret— Fires  in  electrical  equipment,  where  the  use  of  a  nonoon- 
dnetlng  eztinguisbing  agent  Is  of  first  importance. 

**  The  toxicity  ratings  listed  by  the  Underwriters’  Laboratories  for 
tome  of  the  commonly  known  fire  extinguisher  chemicals  are  as  follows: 


Bromochloromethane . Oroup  3 

Bromotrlfluoromethane . Qroup  6 

Carbon  dioxide . Group  6 

Carbon  tetrachloride .  Groups 

Dlbromodillnoromethane . . Group  4 

Methyl  bromide . . Groups 


**Many  transport  type  airplanes,  doe  to  their  type  certification 
basis,  are  not  required  to  comply  with  section  4b.380.  For  such  airplanes, 
it  Is  recommended  that  hand  firs  extinguishers  employing  agents  in 
toxicity  Group  4  or  h^her  be  Installed  when  renewing  or  replacing  hand 
fire  extingnisbers  employing  toxic  agents. 

*<  Carbon  dioxide  Is  noneorrosive  and  will  not  injure  food  or  fabric. 
ExtingoUiers  most  be  winterised  if  they  are  to  operate  at  temperatures 
below  —40°  F.  Approved  unit  capacity  ranges  upwards  bom  two 
pounds.  Tbeseexttaignishers  have  only  limited  vai'iebM' the  extingulsb- 
umit  of  Class  A  fires,  the  action  of  the  agent  being  to  blanket  the  fire  by 
axchidbig  oxygen. 


principal  hazard  is  a  Class  B  or  Class  C  fire. 
Carbon  dioxide  portable  installations  should  not 
exceed  five  pounds  of  agent  per  unit  to  insure 
extinguisher  portability  and  to  minin' *ze  crew 
compartment  CO2  concentrations. 

(2)  Water  extinguishers.^  Water  ex¬ 
tinguishers  are  acceptable  when  the  principal 
hazard  is  a  Class  A  fire  and  where  a  fire  might 
smolder  if  attacked  solely  by  such  agents  as 
carbon  dioxide  or  dry  chemical. 

(3)  Vaporising  liquid  extinguishers.^  Va¬ 
porizing  liquid  type  fire  extinguish*', -s  are  ac¬ 
ceptable  when  the  principal  hazard  is  a  Class  B 
or  Class  C  fire. 

(4)  Dry  chemical  extinguishers.^^  Dry 
chemical  extinguishers  are  acceptable  where  the 
principal  hazard  is  a  Class  B  or  Class  C  fire. 
The  extinguisher  should  not  be  used  in  crew 
compartments  because  of  interference  with 
visibility  during  discharge  and  because  of  the 
possibility  of  the  nonconductive  powders  being 
discharged  on  electrical  contacts  not  otherwise 
involved. 

(21 F.  R.  5735,  Aug.  1,  1956,  effective  Sept.  1,  1956.) 

4b.381  Cabin  interiors.  All  compart¬ 
ments  occupied  or  nsed  by  the  crew  or  passen¬ 
gers  shall  comply  with  the  following  provisions. 

(a)  The  materials  in  no  case  shall  be  less 
than  flash-resistant. 

(b)  The  wall  and  ceiling  linings,  the  cover¬ 
ing  of  all  upholstering,  floors,  and  furnishings 
shall  be  flame-resistant. 

(c)  Compartments  where  smoking  is  to  be 
permitted  shall  be  equipped  with  ash  trays  of 
the  self-contained  type  which  are  completely 
removable.  All  other  compartments  shall  be 
placarded  against  smoking. 

*>  Certain  antifreeze  agents  may  be  corrosive.  Approved  extin¬ 
gnisbers  are  either  protected  against  freezing  to  —40°  F.  or  must  be  han¬ 
dled  as  any  other  unprotected  water  on  the  airplane.  Technical  Stand¬ 
ard  Order  C19a  covers  a  minimum  JH  quart  capacity  approved  water 
extinguisher.  Water  extinguishers  of.the  kinds  currently  on  the  market 
are  not  acceptable  for  flammable  liquid  or  electrical  fires. 

>  These  agents  are  not  normally  corrosive  to  aircraft  structure  and 
approved  units  will  be  satisbctorily  protected  against  freezing  to  at  least 
—40°  F.  Up  to  the  effective  date  of  this  policy,  no  vaporizing  liquid  ex¬ 
tinguisher  with  Underwriters’  Laboratories  toxicity  rating  higher  than 
Group  4  is  commercially  available.  Approved  units  have  a  minimum 
capacity  of  one  quart.  They  are  of  only  limited  value  for  the  extinguish¬ 
ment  of  Class  A  fires,  having  a  cooling  effect  of  about  one-tenth  that  of 
water. 

N  The  powdr-  nontoxlc  and  noneorrosive  and  approved  units  are 
protected  again.,,  freezing  to  at  least  —40°  F.  Minimum  capacity  of 
approved  units  is  two  pounds. 
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(d)  All  receptacles  for  ased  towels,  papers, 
and  waste  shall  be  of  fire-resistant  material, 
and  shall  incorporate  covers  or  other  provisions 
for  containing  possible  fires. 

(e)  At  least  one  hand  fire  extinguisher  shall 
be  provided  for  use  by  the  flight  crew. 

(f)  In  addition  to  the  requirements  of  para¬ 
graph  (e)  of  this  section  at  least  the  following 
number  of  hand  fire  extinguishers  conven¬ 
iently  located  for  use  in  passenger  compart¬ 
ments  shall  be  provided  according  to  the  pas¬ 
senger  capacity  of  the  airplane: 

Minimum  number 
of  fire 

Passenger  capacity:  extinguiahera 

6  or  less -  0 

7  through  30 _  1 

31  through  60 _  2 

61  or  more _  3 

4b.381-l  Hand  fire  exlinguiahera  fir  cabin 
interiors  {FAA  policies  which  apply  to  sec. 
4b.S81  («)  and  (J)). 

(a)  Crew  compartment.  At  least  one  band 
fire  extinguisher  suitable  for  Class  B  and  C 
fires  should  be  installed  in  the  crew  compart¬ 
ment.  Additional  extinguishers  may  be  re¬ 
quired  as  dictated  by  potential  fire  hazards, 
extinguisher  accessibility,  and  agent  capacity. 

(1)  The  extinguisher(s)  should  be  readily 
accessible  to  crewmembers  and  mounted  so  as 
to  facilitate  quick  removal  from  its  mounting 
bracket. 

(b)  Passenger  compartments.  Fire  extin¬ 
guisher  type  and  capacity  should  be  based  on 
the  hazard,  e.  g.,  if  a  unit  must  protect  laige 
accessible  baggage  compartments,  galleys,  or 
electrical  equipment  racks,  portables  larger 
than  minimum  size  should  be  provided.  The 
size  of  the  extinguisher  should  not,  however, 
preclude  ready  portability  by  a  flight  attendant 
or  even  a  passenger. 

(1)  Each  fire  extinguisher  should  be  located 
adjacent  to  the  most  prominent  hazard  such  as 
a  baggage  compartment,  galley,  etc. 

(i)  Where  no  such  obvious  hazard  exists, 
or  when  only  one  unit  is  required,  the  extin¬ 
guisher  should  be  located  at  the  flight  attend¬ 
ant’s  station  or  at  the  entrance  door  on  aircraft 
with  no  flight  attendant. 

(ii)  Where  two  or  more  extinguishers 
are  required  and  location  is  not  dictated  by 


special  hazards,  the  units  should  be  located  at 
opposite  ends  of  the  passenger  cabin. 

(2)  An  extinguisher  should  be  installed  in 
each  separate  cabin,  lounge,  or  smoking  com¬ 
partment  unless  the  extinguisher  in  the  adjacent 
compartment  is  in  close  proximity  and  easily 
accessible. 

(3)  All  extinguishers  should  be  easily  ac¬ 
cessible  and  clearly  visible  to  the  crew  and 
passengers;  however,  if  they  cannot  be  clearly 
visible,  their  location  should  be  indicated  by  a 
clearly  legible  placard  or  sign  visible  to  the 
crew  and  passengers.*® 

(21  F.  R.  5735,  Aug.  1,  1956,  effective  Sept.  1,  1956.) 

4b.382  Cargo  and  baggage  compart¬ 
ments. 

(a)  Cargo  and  baggage  compartments  shall 
inclnde  no  controls,  wiring,  lines,  equipment, 
or  accessories  the  damage  or  failure  of  which 
would  affect  the  safe  operation  of  the  airplane, 
unless  such  items  are  shielded,  isolated,  or 
otherwise  protected  so  that  they  cannot  be 
damaged  by  movement  of  cargo  in  the  compart¬ 
ment,  and  so  that  any  breakage  or  failure  of 
such  item  will  not  create  a  fire  hazard. 

(b)  Provision  shall  be  made  to  prevent  cargo 
or  baggage  from  interfering  with  the  function¬ 
ing  of  the  fire-protective  features  of  the  com¬ 
partment. 

(c)  All  materials  used  in  the  contrnction  of 
cargo  or  baggage  compartments,  including  tie¬ 
down  equipment,  shall  be  flame-resistant. 

(d)  Sources  of  heat  within  the  compartment 
shall  be  shielded  and  insulated  to  prevent 
igniting  the  cargo. 

Note:  Sources  of  heat  likely  to  ignite  cargo  include 
light  bulbs,  combustion  heaters,  heater  ducts,  elec¬ 
trical  appliances,  etc. 

4b.383  Cargo  compartment  classifica¬ 
tion.  All  cargo  and  baggage  compartments 
shall  include  provisions  for  safe-guarding 
against  fires  according  to  the  following  classi¬ 
fication. 

(a)  Class  A.  Cargo  and  baggage  compart¬ 
ments  shall  be  classified  as  "A”  if  the  presence 
of  a  possible  fire  therein  would  be  easily  dis¬ 
cernible  to  a  member  of  the  crew  while  at  his 
station,  and  if  all  parts  of  the  compartment  are 

>*It  Is  recommended  that  signs  indicating  location  of  extinguishers 
have  letters  at  least  H  inch  in  height  mounted  on  a  contrasting  hack- 
gronnd. 
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eadly  accessible  in  flight.  A  hand  fire  extin* 
gnisher  shail  be  ayailable  for  each  compart* 
ment.  (See  sec.  4b.380  (c)  for  protective 
breathing  requirements.) 

(b)  Class  B.  Cargo  and  baggage  compart* 
ments  shall  be  classified  as  “B”  if  sufficient 
access  is  provided  while  in  flight  to  enable 
a  member  of  the  crew  to  reach  effectively  all 
parts  of  the  compartment  and  its  contents 
with  a  hand  fire  extinguisher.  Comiriiance 
shall  he  shown  with  the  following: 

(1)  The  design  of  the  compartment  shall 
be  such  that,  when  the  access  provisions  are 
being  used,  no  hazardous  quantity  of  smoke, 
flames,  or  extinguishing  agent  will  enter  any 
compartment  occnpied  by  the  crew  or  passen* 
gers.  (See  sec.  4b.380  (c)  for  protective 
breathing  requirements.) 

(2)  Each  compartment  shall  be  equipped 
with  a  separate  system  of  an  approved  type 
smoke  detector  or  fire  detector  to  give  warning 
at  the  idiot  or  flight  engineer  station. 

(3)  Hand  fire  extinguishers  shall  be  readily 
available  for  use  in  each  compartment. 

(4)  The  compartment  shall  be  completely 
lined  with  flre*resistant  material. 

(c)  Class  C.  Cargo  and  baggage  compart* 
ments  shall  be  classified  as  “C”  if  they  do  not 
conform  to  the  prerequisites  for  the  “A”  or 
“B”  classifications.  Compliance  shall  be 
shown  with  the  following: 

(1)  Each  compartment  shail  be  equipped 
with: 

(i)  A  separate  system  of  an  approved 
type  smoke  detector  or  fire  detector  to  give 
warning  at  the  pilot  or  flight  engineer  station, 
and 

(ii)  An  approved  bnilt*in  flre*extingaish* 
ing  system  controlled  from  the  pilot  or  flight 
engineer  statimi. 

(2)  Means  shall  be  provided  to  exclude 
hazardous  quantities  of  smoke,  flames,  or  ex* 
tingnishing  agent  from  entering  into  any  com* 
partment  occnpied  by  the  crew  or  passengers. 

(3)  YentUation  and  drafts  shall  be  con* 
trolled  within  each  compartment  so  that  the 
extinguishing  agent  provided  can  control  any 
fire  which  may  start  within  the  compartment. 

(4)  The  compartment  shall  be  completely 
lined  with  flre*redstant  material. 


(d)  Class  D.  Cargo  and  baggage  com¬ 
partments  shall  be  classified  as  “D”  if  they  are 
so  designed  and  constructed  that  a  fire  occur¬ 
ring  therein  will  be  completely  confined  without 
endangering  the  safety  of  the  airplane  or  the 
occupants.  Compliance  shall  be  shown  with 
the  following: 

(1)  Means  shall  be  provided  to  exclude 
hazardous  quantities  of  smoke,  flames,  or  other 
noxious  gases  from  entering  into  any  compart¬ 
ment  occnpied  by  the  crew  or  passengers. 

(2)  Ventilation  and  drafts  shall  be  con¬ 
trolled  within  each  compartment  so  that  any 
fire  likely  to  occur  in  the  compartment  will  not 
progress  beyond  safe  limits. 

Note:  For  compartments  haring  a  volnme  not  in 
excess  of  500  cu.  ft.  an  airflow  of  not  more  than  1,500 
CO.  ft.  per  hour  is  considered  acceptable.  For  larger 
compartments  lesser  airflow  may  be  applicable. 

(3)  The  compartment  shall  be  completely 
lined  with  fire-resistant  material. 

(4)  Consideration  shall  be  given  to  the 
effect  of  heat  within  the  compartment  on  adja¬ 
cent  critical  parts  of  the  airplane. 

(e)  Class  E.  On  airplanes  used  for  the 
carriage  of  cargo  only  it  shall  be  acceptable 
to  classify  the  cabin  area  as  a  Class  “E”  com¬ 
partment.  Compliance  shall  be  shown  with 
the  following: 

(1)  The  compartment  shall  be  completely 
lined  with  fire-resistant  material. 

(2)  The  compartment  shall  be  equipped 
with  a  separate  system  of  an  approved  type 
smoke  or  fire  detector  to  give  warning  at  the 
pilot  or  flight  engineer  station. 

(3)  Means  shall  be  provided  to  shut  off 
the  ventilating  airflow  to  or  within  the  com¬ 
partment.  Controls  for  such  means  shall  be 
accessible  to  the  flight  crew  in  the  crew  com¬ 
partment. 

(4)  Means  shall  be  provided  to  exclude 
hazardous  quantities  of  smoke,  flames,  or 
noxious  gases  from  entering  the  flight  crew 
compartment.  (See  sec.  4b.380(c)  for  pro¬ 
tective  breathing  equipment.) 

(5)  Required  crew  emergency  exits  shall 
remain  accessible  under  all  cargo  loading 
conditions. 
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4b.384  Proof  of  compliance. 

(a)  Compliance  with  those  provisions  of  sec* 
tion  4h.383  which  refer  to  compartment  accessi¬ 
bility,  to  the  entry  of  hazardous  quantities  of 
smoke  or  extinguishing  agent  into  compart¬ 
ments  occupied  by  the  crew  or  passengers,  and 
to  the  dissipation  of  the  extinguishing  agent  in 
class  C  compartments  shall  be  demonstrated  by 
tests  in  flight 

(b)  It  shall  also  be  demonstrated  during  the 
tests  prescribed  in  paragraph  (a)  of  this  section 
that  no  inadvertent  operation  of  smoke  or  fire 
detectors  in  a^jzcent  or  other  compartments 
within  the  airplane  would  occur  as  a  result  of 
fire  contained  in  any  one  compartment  either 
during  or  after  extinguishment  unless  the 
extinguishing  system  floods  such  compartments 
simultaneously. 

4b.384-l  Cargo  and  baggage  compartments 
equipped  with  carbon  dioxide  fire  extinguishers 
(FAA  policies  which  apply  to  sec.  4b.S84). 
The  policies  outlined  in  section  4b.484-l  apply. 

(19  F.  R.  4463,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.S85  Flammable  fluid  fire  protection. 
In  areas  of  the  airplane  where  flammable 
fluids  or  vapors  might  be  liberated  by  leakage 
or  failure  in  fluid  systems,  design  precautions 
shall  be  made  to  safeguard  against  the  ignition 
of  such  fluids  or  vapors  doe  to  the  operation  of 
other  equipment  or  to  control  any  fire  resulting 
from  such  ignition. 

4b.386  Combustion  heater  fire  protect 
tion. 

(a)  Combustion  heater  fire  zones. 
The  following  shall  be  considered  as  combus¬ 
tion  heater  fire  zones  and  shall  be  protected 
against  fire  in  accordance  with  applicable  pro¬ 
visions  of  sections  4b.480  through  4b.486  and 
section  4b.489: 

(1)  Region  surrounding  the  heater,  if  such 
region  contains  any  flammable  fluid  system 
components  other  tlmn  the  heater  fuel  system 
which  might  be  damaged  by  heater  malfunction¬ 
ing  or  which,  in  case  of  leakage  or  failure,  might 
permit  flammable  fluids  or  vapors  to  reach  the 
heaters. 

(2)  R^on  surrounding  the  heater,  if  the 
heatm  fhel  system  incorpmates  fittings  the 
leaki^e  ci  which  would  permit  fuel  or  vapors  to 
enter  this  region. 


(3)  That  portion  of  the  ventilating  air 
passage  which  surrounds  the  combustion  cham¬ 
ber  except  that  no  fire  extinguishment  need  be 
provided  in  calun  ventilating  air  passages. 

(b)  Ventilating  air  ducts. 

(1)  Ventilating  air  ducts  which  pass 
through  fire  zones  shall  be  of  fireproof  con¬ 
struction. 

(2)  Unless  isolation  is  provided  by  the  use 
of  fireproof  valves  or  other  equivalently  effective 
means,  the  ventilating  air  duct  downstream  of 
the  heater  shall  be  of  fireproof  construction  for 
a  sufficient  distance  to  assure  that  any  fire 
originating  from  within  the  heater  can  be  con¬ 
tained  within  the  duct. 

(3)  Portions  of  ventilating  ducts  passing 
through  regions  in  the  airplane  where  flam¬ 
mable  fluid  systems  are  located  shall  be  so  con¬ 
structed  or  isolated  from  such  systems  that 
failure  or  malfunctioning  of  the  flammable  fluid 
system  components  cannot  introduce  flammable 
fluids  or  vapors  into  the  ventilating  airstream. 

(c)  Combustion  air  ducts. 

(1)  Combustion  air  ducts  shall  be  of  fire¬ 
proof  construction  for  a  distance  sufficient  to 
prevent  damage  from  backfiring  or  reverse 
flame  propagation. 

(2)  Combustion  air  ducts  shall  not  com¬ 
municate  vdth  the  ventilating  airstream  unless 
it  is  demonstrated  that  flames  from  backfires  or 
reverse  burning  cannot  enter  the  ventilating 
airstream  under  any  conditions  of  ground  w 
flight  operation  including  conditions  of  revise 
flow  or  malfunctioning  of  Uie  heater  or  its 
associated  components. 

(3)  Combustion  air  ducts  shall  not  restrict 
prompt  relief  of  backfires  which  can  cause 
heater  failure  due  to  pressures  generated 
within  the  heater. 

(d)  Heater  controls;  general.  Provision 
shall  be  made  to  prevent  hazardous  accumula¬ 
tions  of  water  or  ice  on  or  within  any  heater  con¬ 
trol  components,  control  system  tulfing,  or  safety 
contrds. 

(e)  Heater  safety  controls. 

(1)  In  addition  to  the  components  provided 
for  normal  continuous  control  of  air  temper- 
atnre,  airflow,  and  fuel  flow,  means  inde¬ 
pendent  of  snch  components  shall  be  provided 
with  respect  to  each  heater  to  shut  off  auto- 
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matically  that  heater’s  ignition  and  fuel  suppiy  ! 
at  a  point  remote  from  the  heater  when  the  heat  | 
exchanger  temperature  or  ventiiating  air  tern*  \ 
peratore  exceed  safe  limits  or  when  either  the 
combustion  air  flow  or  the  ventilating  airflow 
becomes  inadequate  for  safe  operation.  The 
means  provided  for  this  purpose  for  any  in¬ 
dividual  heater  shall  be  independent  of  all  com¬ 
ponents  serving  other  heaters  the  heat  output  of 
which  is  essential  to  the  safe  operation  of  the 
airplane. 

(2)  Warning  means  shall  be  provided  to 
indicate  to  the  crew  when  a  heater,  the  heat 
on^nt  of  which  is  essential  to  the  safe  operation 
of  flhe  aiqilane,  has  been  shut  off  by  the  opera¬ 
tion  of  the  automatic  means  prescribed  in  sub- 
paragraph  (1)  of  this  paragraph. 

(f)  Air  intake*.  Combustion  and  ventilat¬ 
ing  air  intakes  shall  be  so  located  that  no 
flammable  fluids  or  vapors  can  enter  the  heater 
system  under  any  conditions  of  ground  or 
ffight  operation  eiAer  during  normal  operation 
or  as  a  result  of  malfunctioning,  failure,  or 
improp^  (qieration  of  other  airplane  com¬ 
ponents. 

(g)  Heater  exhamt.  Heater  exhaust  sys¬ 
tems  shall  comply  with  the  provisions  of 
section  4b.467  (a)  and  (b).  In  addition, 
provisions  shall  be  made  in  the  design  of  the 
heater  exhaust  system  so  that  the  products 
of  combustion  will  be  safely  convey^  over¬ 
board  to  prevent  the  occurrence  of  the  following : 

(1)  Fuel  leakage  from  the  exhaust  to 
surrounding  compartments; 

(2)  Exhaust  gas  impingement  on  sur¬ 
rounding  equipment  or  structure; 

(3)  Ignition  of  flammable  fluids  by  the 


exhaust,  when  the  exhaust  is  located  in  a 
compartment  containing  flammable  fluid  lines; 

(4)  Restriction  by  the  exhaust  of  the 
prompt  relief  of  backfires  which  can  cause 
heater  failure  due  to  pressure  generated  within 
the  heater. 

(h)  Heater  fuel  system*.  Heater  fuel  sys¬ 
tems  shall  comply  with  ail  portions  of  the 
powerplant  fuel  system  requirements  which 
affect  safe  heater  operations.  In  addition, 
heater  fuel  system  components  within  the 
ventilating  airstream  shall  be  protected  by 
shrouds  so  that  leakage  from  such  components 
cannot  enter  the  ventilating  airstream. 

(i)  Drain*.  Means  shall  be  provided  for 
safe  drainage  of  fuel  accumulations  which 
might  occur  within  the  combustion  chamber  or 
the  heat  exchanger.  Portions  of  such  drains 
which  operate  at  high  temperatures  shall  be 
protected  in  the  same  manner  as  heater  ex¬ 
hausts  (see  paragraph  (g)  of  this  section). 
Drains  shall  be  protected  against  hazardous 
ice  accumulations  in  flight  and  during  ground 
operation. 

Miscellaneous 

4b.390  Reinforcement  near  propeller*. 
Portions  of  the  airplane  near  propeller  tips 
shall  have  sufficient  strength  and  stiffness  to 
withstand  the  effects  of  the  induced  vibration 
and  of  ice  thrown  from  the  propeller.  Win¬ 
dows  shall  not  be  located  in  such  regions  unless 
shown  capable  of  withstanding  the  most 
severe  ice  impact  likely  to  occur. 

4b.391  Leveling  mark*.  Reference  marks 
shall  be  provided  for  use  in  leveling  the  air¬ 
plane  to  facilitate  weight  and  balance  deter¬ 
minations  on  the  ground. 


Subpart  E— Powerplant 


Installation 

4b.400  General.  The  powerplant  installa¬ 
tion  shall  be  considered  to  include  all  com¬ 
ponents  of  the  airplane  which  are  necessary 
for  its  ^opnlsion.  It  shall  also  be  considered 
to  include  all  components  which  affect  the 
control  of  the  majm  propulsive  units  or  which 
affect  th^r  safety  of  operation  between  normal 
inspections  or  overhaul  periods.  (See  secs. 


4b.604  and  4b.613  for  instrument  installation 
and  marking.) 

(a)  Scope.  Reciprocating  engine  installa¬ 
tions  shall  comply  with  the  provisions  of  this 
subpart.  Turbine  engine  installations  shall 
comply  with  such  of  the  provisions  of  this  sub- 
part  as  are  found  applicable  to  the  specific 
type  of  installation. 

(b)  Functioning.  All  components  of  the 
powerplant  installation  shall  constructed. 
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amuiged,  and  installed  in  a  manner  which  will 
assure  th^r  continued  safe  operation  between 
normal  inspections  or  overhaul  periods.  > 

(e)  Aeee$$ibility.  Accessibility  shall  be 
provided  to  permit  such  inspection  and  mainte¬ 
nance  as  is  necessary  to  assure  continued  air- 
WOTthiness. 

(d)  Electrical  bonding.  Electrical  inter¬ 
connections  shall  be  provided  to  prevent  the 
eiistence  of  differences  of  potential  between 
nu^or  components  of  the  powerplant  installation 
and  other  portions  of  the  airplane. 

4b.400-l  Engine  and  propeller  operation 
(FAA  pdidea  which  apply  to  sec.  4h.400).  The 
engines  and  propellers  should  be  observed  dur¬ 
ing  the  flight  test  program  to  determine  satis- 
factoiy  operation  of  these  systems  and  their 
associated  components. 

(19  F.  R.  4463,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.400-2  Powerplant  installation  components 
{FAA  interpretations  which  apply  to  sec.  4b-400). 
The  term  “all  components”  includes  engines 
and  propellers  and  their  parts,  appurtenances, 
and  accessories  which  are  furnished  by  the 
engine  or  propeller  manufacturer  and  all  other 
components  of  the  powerplant  installation 
which  are  furnished  by  the  airplane  manu¬ 
facturer.  For  example:  fuel  pumps,  lines, 
valves  and  other  components  of  the  fuel  system 
which  are  integral  parts  of  the  type  certificated 
engine  are  also  components  of  the  airplane 
powerplant  installation. 

(23  F.  R.  9018,  Nov.  20,  1958,  effective  Dec.  22, 
1958.) 

4b.401  Bnginee. 

(a)  Type  certiAcation.  AU  engines  shall 
be  type  certificated  in  accordance  with  the  pro¬ 
visions  of  Part  13  of  this  subchapter. 

(b)  Engine  ieolation.  The  powerplants 
shall  be  arranged  and  isolated  each  from  the 
other  to  permit  (deration  in  at  least  one  con¬ 
figuration  in  a  manner  such  that  the  failure  or 
malfunctioning  of  any  engine,  or  of  any  system 
of  the  airfdane  the  faUnre  of  which  can  affect 
an  engine,  will  not  prevent  the  continued  safe 
Iteration  d  the  remaining  engine(s)  or  require 
immediate  action  by  a  crewmember  for  con¬ 
tinued  safe  opmntion. 

(c)  Control  of  engine  rotation.  Means 
shaD  be  provided  for  individually  stopping  and 


restarting  the  rotation  of  any  engine  in  flight, 
except  that  for  turbine  engine  installations 
means  for  stopping  the  rotation  need  be  pro¬ 
vided  only  if  such  rotation  could  jeopardize  the 
safety  of  the  airplane.  Ail  components  pro¬ 
vided  for-  this  purpose  which  are  located  on  the 
engine  side  of  the  firewall  and  which  might 
be  exposed  to  fire  shall  be  of  fire-resistant  con- 
strnction.  If  hydraniic  propeller  feathering 
systems  are  used  for  this  purpose,  the  feather¬ 
ing  lines  on  all  airplanes  manufactured  after 
June  30,  1954,  shall  be  fire-resistant  under  the 
operating  conditions  which  may  be  expected 
to  exist  when  feathering  is  being  accomplished. 
(See  also  sec.  4b.449.) 

(d)  Rotor  blade  protection.  Turbine 
powerplant  installations  shall  include  a  means 
of  protection  such  that  the  occurrence  of  rotor 
blade  failure  in  any  engine  will  not  affect  the 
operation  of  remaining  engines  nm’  jeopardize 
the  continued  safe  operation  of  the  airplane, 
unless  the  engine  type  certificate  specifies  that 
the  engine  rotor  cases  have  been  substantiated 
as  capable  of  containing  the  damage  resulting 
from  rotor  blade  faUure. 

(e)  Engine  turbine  rotor.  Design  pre¬ 
cautions  shall  be  taken  to  minimize  the  prob¬ 
ability  of  jeopardizing  the  safety  of  the  airplane 
in  the  event  of  engine  turbine  rotor  faUure,  un¬ 
less  the  engine  type  certificate  specifies  that 
the  turbine  rotors  have  been  demonstrated  to 
provide  snflBcient  strength  to  withstand  damage 
inducing  factors  such  as  those  which  might  re¬ 
sult  from  abnormal  rotor  speeds,  temperature, 
or  vibration  and  the  design  and  functioning  of 
the  powerplant  systems  associated  with  engine 
control  devices,  systems,  and  instrumentation 
are  such  as  to  give  reasonable  assurance  that 
those  engine  operating  limitations  which  ad¬ 
versely  affect  turbine  rotor  structural  integrity 
will  not  be  exceeded  in  service. 

4b.401-l  Approval  oj  automatic  propeller 
feathering  system  {FAA  policies  which  apply  to 
sec.  J4b.401  (c)).  All  parts  of  the  feathering 
device  which  are  integral  with  the  propeller  or 
attached  to  it  in  a  manner  that  may  affect 
propeller  airworthiness  should  be  considered 
from  the  standpoint  of  the  applicable  provisions 
of  Part  14  of  this  subchapter.  The  determina¬ 
tion  of  the  continuing  eligibility  of  the  propeller 
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under  the  existing  type  certificate,  when  the 
device  is  installed  or  attached,  will  be  made  on 
the  following  basis: 

(a)  The  automatic  propeUer  feathering  sys¬ 
tem  diould  not  adversely  affect  normal  pro¬ 
peller  operation  and  should  function  properly 
under  aU  temperature,  altitude,  airspeed,  vibra¬ 
tion,  acceleration,  and  other  conditions  to  be 
expected  in  normal  ground  and  fli^t  operation. 

(b)  The  automatic  device  should  be  demon¬ 
strated  to  be  free  from  malfunctioning  which 
may  cause  feathering  under  any  conditions 
other  than  those  under  which  it  is  intended 
to  operate.  For  example,  it  should  not  cause 
feathering  during: 

(1)  Momentary  loss  of  power. 

(2)  Approaches  with  reduced  throttle  set¬ 
tings. 

(c)  The  automatic  propeller  feathering  sys¬ 
tem  should  be  capable  of  operating  in  its  in¬ 
tended  manner  whenever  the  throttle  control  is 
in  the  normal  position  to  provide  takeoff  power. 
No  special  operations  at  the  time  of  engine 
failure  should  be  necessary  on  the  part  of  the 
crew  in  order  to  make  the  automatic  feathering 
system  operative. 

(d)  The  automatic  propeller  feathering  in¬ 
stallation  should  be  such  that  not  more  than 
one  engine  will  be  feathered  automatically  even 
if  more  than  one  engine  fails  simultaneously. 

(e)  The  automatic  propeller  feathering  in- 
stdlation  should  be  such  that  normal  operation 
may  be  regained  after  the  propeller  has  b^un 
to  feather  automatically. 

(f)  The  automatic  propeller  feathering  in¬ 
stallation  should  incorporate  a  switch  or 
equivalent  means  by  which  to  make  the  system 
inoperative.  (See  dso  sec.  4b.  10-2.) 

(19  P.  R.  1818,  Apr.  2,  1954,  effective  Apr.  2,  1954.) 

4b.401-2  Propeller  feathering  system  opera¬ 
tional  tests  {FAA  policies  which  apply  to  see. 
(c)). 

(a)  Tests  should  be  conducted  to  determine 
the  time  required  for  the  propeller  to  change 
from  windmilling  (with  the  propeller  controls 
set  for  takeoff)  to  the  feathered  position  at  the 
takeoff  safety  speed,  Vt. 

(b)  (1)  The  propeller  feathering  system  should 
be  tested  to  demonstrate  nonrotation  up  to  1.2 
times  the  maximum  level  flight  speed  with  one 
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engine  inoperative  or  the  speed  employed  in 
emergency  descents  whichever  is  higher  with: 

Critical  engine — inoperative. 

Wing  flaps — retracted. 

Landing  gear — retracted. 

Cowl  flaps — closed. 

(2)  A  suiScient  speed  range  should  be 
covered  to  assure  that  the  propeller  feathering 
angle  established  on  the  basis  of  the  high  speed 
requirement  should  not  permit  rotation  in 
reverse  at  the  lower  speeds.  In  addition,  the 
propeller  should  not  inadvertently  unfeather 
during  these  testa. 

(c)  In  order  to  demonstrate  that  the  feather¬ 
ing  system  operates  satisfactorily,  the  propeller 
should  be  feathered  and  unfeathered  at  the 
maximum  operating  altitude  established  in 
accordance  with  section  4b.722.  The  following 
data  should  be  recorded: 

Time  to  feather  propeller  at  the  one-engine- 
inoperative  cruising  speed. 

Time  to  unfeather  propeller  to  1000  r.  p.  m. 
at  maximum  operating  altitude  and  one- 
engine-inoperative  cruising  speed. 

Altitude  of  propeller  feathering  tests. 

Ambient  air  temperature  of  propeller 
feathering  tests. 

(19  F.  R.  4463,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.401-3  Continued  rotation  of  turbine  engines 
{FAA  policies  which  apply  to  sec.  4h.Ii.01  (c)). 

(a)  If  means  are  not  provided  to  completely 
stop  the  rotation  of  turbine  engines  it  should 
be  shown  that  continued  rotation,^  either  wind¬ 
milling  or  controlled,  of  a  shutdown  turbine 
engine  will  not  cause: 

(1)  Powerplant  (including  engine  and  ac¬ 
cessories)  structural  damage  which  will  ad¬ 
versely  affect  other  engines  or  the  aircraft 
structure; 

(2)  Flammable  fluid  to  be  pumped  into  a 
fire  or  onto  an  ignition  source;  or 

(3)  A  vibration  mode  which  will  adversely 
affect  the  aerodynamic  or  structural  integrity 
of  the  urplone. 

(b)  Feathered  propellers,  brakes,  doors  or 
other  means  used  to  control  turbine  engine 
rotation  need  not  produce  a  complete  stop  of 
engine  rotation**  under  all  flight  conditions 


*  It  nuiv  be  aasamed  that  the  eouditlons  In  paragraph  (a)  will  not 
ooeor  at  engine  rotor  apeeda  up  to  400  r.p.m. 
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unless  continued  rotation  will  result  in  any  o: 
the  conditions  set  forth  in  paragraph  (a)  of^ 
this  section. 

(c)  If  engine  induction  air  duct  doors,  or 
shaft,  or  other  types  of  brakes  are  provided 
to  control  engine  rotation,  no  single  fault  or 
failure  of  the  system  controlling  engine  rotation 
should  cause  the  inadvertent  travel  of  the  doors 
toward  the  closed  position,  or  the  inadvertent 
energizing  of  braking  means,  unless  compensat¬ 
ing  features  are  provided  to  assure  that  engine 
failure  or  a  critical  operating  condition  will 
not  occur. 


(22  F.  R.  5793,  July  20,  1957,  effective  .\ug.  15,  1957.) 

4b.401-4  Engine  operation  -with  autormiic 
propeller  control  ay  stem  installed  {FA  A  policies 
vohich  apply  to  sec.  4l>40t  {b)). 

(a)  When  an  automatic  control  system  for 
simultaneous  r.  p.  m.  control  of  all  propellers 
is  installed,  it  should  be  shown  that  no  single 
failure  or  malfunction  in  this  system  or  in  an 
engine  controlling  this  system  will: 

(1)  Cause  the  tolerable  engine  overspeed 
for  this  condition  ”  to  be  exceeded  at  any  time, 
and 

(2)  Cause  a  loss  of  thrust  which  wiU 
cause  the  airplane  to  descend  below  the  estab¬ 
lished  takeoff  path  (sec.  4b.ll6)  if  such  system 
is  certificated  for  use  during  takeoff  and  climb. 
This  should  be  shown  for  all  weights  and  alti¬ 
tudes  for  which  certification  is  desired.  A 
period  of  five  seconds  should  be  allowed  from 
the  time  the  malfunction  occurs  to  the  initial 
motion  of  the  cockpit  control  for  corrective 
action  taken  by  the  crew. 

(b)  Compliance  with  this  policy  may  be 
shown  by  (1)  analysis,  (2)  flight  demonstration, 
or  (3)  a  combination  of  analysis  and  flight 
demonstration. 

(22  F.  R.  6883,  Aug.  27,  1957,  effective  Sept.  15,  1957.) 

4b.402  Propeller*.  Propellers  shall  be 
type  eertiflcated  in  accordance  with  the  provi- 
siona  of  Part  14  of  this  snbchapter.  The  maxi- 
mnm  pri^tdlw  shaft  rotational  speed  and  the 


*  Tba  provlskm  of  doon  or  brakes  Is  s  protsctlvs  fwtan  to  ssson 
tbst  tbe  oonditJons  of  paragraph  (a)  vUl  not  occur.  Such  provision, 
thswftna,  should  ha  of  a  hi^  order  of  reliability,  and  the  probability 
dMald  be  remote  that  doors  or  brakes  will  not  tonetion  normally  on 
dsmaad. 

*  UM  pmemit  of  takeoff  r.  p.  m.  will  be  considered  tolerable  for  this 
condition  for  all  engines,  except  that  higher  overspeeds  may  be  acceptable 
if  the  engine  mannfoctnrer  substantiates  a  higher  value  to  the  FAA. 
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engine  power  permissiUe  for  use  in  the  airplane 
shall  not  exceed  the  corresponding  Umits  for 
which  the  propeller  has  been  certificated. 

4b. 402-1  Reverse  thrust  propeller  installa¬ 
tions  {FAA  policies  which  apply  to  sec.  46-402). 
The  Administrator  may  approve  reverse  thrust 
propeller  installations  which  comply  with  the 
following: 

(a)  Exceptional  pilot  skill  should  not  be  re¬ 
quired  in  taxiing  or  any  condition  in  which 
reverse  thrust  is  to  be  used. 

(b)  Necessary  operating  procedures,  oper¬ 
ating  limitations  and  placards  should  be  estab¬ 
lished. 

(c)  The  airplane  control  characteristics 
should  be  satisfactory  with  regard  to  control 
forces  encountered,  and  buffeting  should  not  be 
likely  to  cause  structural  damage. 

(d)  The  directional  control  should  be  ade¬ 
quate  using  normal  piloting  skill. 

(e)  It  should  be  determined  that  no  danger¬ 
ous  condition  is  encountered  in  the  event  of 
sudden  failure  of  one  engine  in  any  likely  oper¬ 
ating  condition. 

(f)  The  operating  procedures  and  airplane 
configuration  should  be  such  as  to  provide  reas¬ 
onable  safeguards  against  serious  structural 
damage  to  parts  of  the  airplane  due  to  the 
reverse  airflow. 

(g)  It  should  be  determined  that  the  pilot’s 
vision  is  not  dangerously  obscured  imder  normal 
operating  conditions  on  dusty  or  wet  runways 
and  where  light  snow  is  on  the  runway. 

(h)  It  should  be  determined  that  the  pilot's 
vision  is  not  dangerously  obscured  by  spray  due 
to  reverse  airflow  under  normal  water  operating 
conditions  with  seaplanes. 

(i)  The  procedure  and  mechanisms  for  re¬ 
versing  should  provide  a  reverse  idle  setting 
such  that  without  requiring  exceptional  piloting 
skill  at  least  the  following  conditions  are  met: 

(1)  Sufficient  power  is  maintained  to  keep 
the  en^e  running  at  an  adequate  speed  to  pre¬ 
vent  engine  stalling  during  and  after  the  pro¬ 
peller  reversing  operation. 

(2)  The  propeller  does  not  overspeed  dur¬ 
ing  and  after  the  propeller  reversing  operation. 

(3)  This  idle  setting  does  not  exceed  25% 
of  the  maximum  continuous  rating. 

(j)  The  engine  cooling  characteristics  should 
be  satisfactory  in  any  likely  operating  condition. 
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(k)  The  use  of  reverse  thrust  will  be  per¬ 
mitted,  in  combination  with  the  brakes  in¬ 
stalled,  in  establishing  the  accelerate-stop  dis¬ 
tance,  if  it  is  shown  that  such  use  provides  a 
level  of  safety  equivalent  to  that  when  wheel 
brakes  alone  are  used,  taking  into  consideration 
pilot  skill  required  and  the  likelihood  of  attain¬ 
ing  the  necessary  performance  under  conditions 
of  simulated  engine  failure.  Either  of  the  fol¬ 
lowing  conditions  and  limitations  should  be 
used: 

(1)  S3mnnetrical  reverse  thrust  on  (n-2) 
engines  with  power  not  to  exceed  the  maximum 
continuous  rating,  where  n  is  equal  to  the  num¬ 
ber  of  engines. 

(2)  Asymmetrical  reverse  thrust  on  (n-1) 
engines  in  reverse  idle  setting.  This  operation 
should  be  permitted  only  where  it  can  be  shown 
that  with  use  of  this  asymmetrical  reverse  thrust 
the  airplane  can  be  satisfactorily  controlled  on 
a  wet  runway. 

(l)  On  four-engine  aircraft  the  use  of  reverse 
thrust  will  be  permitted  in  combination  with 
the  brakes  installed  in  establishing  the  landing 
distance  if  it  is  shown  that  such  use  provides  a 
level  of  safety  equivalent  to  that  when  wheel 
brakes  alone  are  used  taking  into  consideration 
pilot  skill  required  and  the  likelihood  of  attain¬ 
ing  the  necessary  performance  under  conditions 
of  simulated  engine  failure.  Determination  of 
landing  distance  should  be  conducted  in  accord¬ 
ance  with  section  4b.  122  and  section  4b.  123 
with  the  following  additional  provisions; 

(1)  A  steady  gliding  approach  should  be 
made  on  an  ILS  flight  path  corresponding  to 
the  average  value  of  2K  degrees,  except  that 
this  prescribed  approach  will  not  be  required  if 
the  application  of  reverse  thrust  credit  is  limited 
to  operations  on  dry  and  ice  free  runways  under 
VFR  conditions. 

(2)  The  two  most  critical  symmetrical 
engines  may  be  placed  in  the  reverse  idle  posi¬ 
tion  not  sooner  than  four  seconds  after  the  air¬ 
craft  is  firmly  on  the  ground. 

(3)  An  accelerated  service  test  should  be 
conducted  in  accordance  with  section  4b.,16  (b) 
to  establish  reliability  of  the  installation  which 
should  include  not  less  than  25  landings,  cover¬ 
ing  a  range  of  power  settings  during  the  ap¬ 


proach  and  a  range  of  altitudes  for  which  ap¬ 
proval  is  desired. 

(20  F.  R.  2279.  Apr.  8.  1955.  eflfective  Apr.  30,  1955.) 

4b.403  Propeller  vibration.  The  magni¬ 
tude  of  the  pr<q>eller  blade  vibration  stresses 
under  all  normal  conditions  of  operation  shall 
be  determined  by  actual  measurement  or  by 
comparison  with  similar  installations  for  which 
such  measurements  have  been  made.  The 
vibration  stresses  thus  determined  shall  not 
exceed  values  which  have  been  demonstrated 
to  be  safe  for  continuous  operation. 

4b.404  Propeller  pitch  and  speed  limita¬ 
tions. 

(a)  The  propeller  pitch  and  speed  shall  be 
limited  to  values  which  will  assure  safe  opera¬ 
tion  under  all  normal  conditions  and  which  will 
assure  compliance  with  the  performance  re¬ 
quirements  specified  in  sections  4b.  110  through 
4b.l25. 

(b)  A  priqieller  speed  limiting  means  shall 
be  provided  at  the  governor.  Such  means 
shall  be  set  to  limit  the  maximum  possible 
governed  engine  speed  to  a  value  not  exceeding 
the  maximum  permissible  r.  p.  m. 

(c)  The  low  pitch  blade  stop  in  the  propeller, 
or  other  means  used  to  limit  the  low  pitch 
position,  shall  be  set  so  that  the  engine  speed 
does  not  exceed  103  percent  of  the  maximum 
permissible  engine  r.  p.  m.  under  the  following 
conditions: 

(1)  Propeller  blades  at  the  low  pitch  limit 
and  governor  inoperative,  and 

(2)  Engine  operating  at  takeoff  manifold 
pressure  with  the  airplane  stationary  under 
standard  atmospheric  conditions. 

4b.405  Propeller  clearance.  With  the 
mrplane  loaded  to  the  maximum  weight  and  at 
the  most  adverse  center  of  gravity  position  and 
the  propellers  in  the  most  adverse  pitch  posi¬ 
tion,  the  propeller  clearances  shall  not  be  less 
than  the  following,  unless  smaller  clearances 
are  substantiated  for  the  particular  design 
involved. 

(a)  Ground.  Seven  inches  of  ground  clear¬ 
ance  for  airplanes  eqniiqied  with  nose-wheel 
type  landing  gears,  ot  nine  inches  of  ground 
clearance  for  airplanes  equipped  with  tail- 
wheel  type  landing  gears  shall  be  provided  with 
the  landing  gear  statically  deflected  and  the 
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airplane  in  the  level  take-off  or  in  the  taxiing 
attitude,  whichever  is  most  critical.  In  addi¬ 
tion,  there  shall  be  positive  clearance  between 
Ae  propeller  and  the  ground  when,  with  the 
airphuie  In  the  level  takeoff  attitude,  the 
critical  tire  is  completely  deflated  and  the  corre- 
qmnding  landing  gear  strut  is  completely 
bottomed. 

(b)  Water.  A  water  clearance  of  18  inches 
shall  be  provided  unless  compliance  with  sec¬ 
tion  4b.l82  (a)  is  demonstrated  with  less 
clearance. 

(c)  Structure. 

(1)  One  inch  radial  clearance  shall  be  pro¬ 
vided  between  the  blade  tips  and  the  airplane 
structure,  or  whatever  additional  radial  clear¬ 
ance  is  necessary  to  preclude  harmful  vibration 
of  the  propeller  or  airplane. 

(2)  One-half  inch  longitudinal  clearance 
shall  be  provided  between  the  propeller  blades 
or  cuffs  and  all  stationary  portions  of  the  air¬ 
plane. 

(3)  Positive  clearance  shall  be  provided 
between  other  rotating  portions  of  the  propeller 
or  spinner  and  all  stationary  portions  of  the 
airplane. 

(CAR,  IS  F.  R.  3543,  Jane  8,  1950,  as  amended  by 
Arndt.  4b-7,  17  F.  R.  11631,  Dec.  20,  1952.] 

4b.406  Propeller  deicing  provisions. 

(a)  Airplanes  intended  for  operation  under 
atmospheric  conditions  conducive  to  the  forma¬ 
tion  of  ice  on  propellers  or  on  accessories  where 
ice  accumulation  would  jeopardize  engine  per¬ 
formance  shall  be  provided  with  means  for  the 
prevention  or  removal  of  hazardous  ice  accumu¬ 
lations. 

(b)  If  combustible  fluid  is  used  for  propeller 
deicing,  the  provisions  df  sections  4b.480 
through  4b.483,  inclusive,  shall  be  complied 
with. 

4b.406-l  Fluid  type  propeller  deicing  test 
{FAA  policies  which  apply  to  sec.  4b. 406).  If 
the  propellers  are  equipped  wi*h  fluid  type 
deicers,  the  flow  test  should  be  conducted 
starting  with  a  full  tank  of  fluid  and  operated  at 
maximum  flow  for  a  15-minute  timed  period. 
The  operation  should  be  checked  at  all  engine 
speeds  and  powers.  The  tank  should  be  refilled 
to  determine  the  amount  of  fluid  used  after  the 
airplane  is  landed. 

(19  F.  R.  4463,  July  20. 1954,  effective  Sept.  1,  1954.) 


4b.407  Reversing  systems. 

(a)  Reversing  systems  intended  for  ground 
operation  only  shall  be  such  that  no  single 
failure  or  malfunctioning  of  the  system  under 
all  anticipated  conditions  of  airplane  operation 
will  result  in  unwanted  reverse  thrust.  Failure 
of  structural  elements  need  not  be  considered 
if  occurrence  of  such  failure  is  expected  to  be 
extremely  remote. 

(b)  Turbojet  reversing  systems  intended 
for  inflight  use  shall  be  such  that  no  unsafe 
condition  will  result  during  normal  operations 
of  the  system,  or  from  any  failure  or  reasonably 
likely  combination  of  failures  of  the  reversing 
system,  under  all  anticipated  conditions  of 
operation  of  the  airplane.  Failure  of  structural 
elements  need  not  be  considered  if  occurrence 
of  such  failure  is  expected  to  be  extremely 
remote. 

4b.407-l  Investigation  of  propeller  systems 
which  produce  negative  thrust  (FAA  policies 
which  apply  to  sec.  4b. 407). 

(a)  Compliance  with  section  4b.407  may  be 
demonstrated  by  failure  analysis,  testing,  or  a 
combination  of  both  for  propeller  systems  that 
allow  propeller  blades  to  move  from  the  flight 
low-pitch  position  to  a  position  “  that  is  sub¬ 
stantially  less  than  that  at  the  normal  flight 
low-pitch  stop  position. 

(b)  The  analysis  should  disclose,  for  all 
components  involved  in  the  reversing  system, 
the  types  of  failure  or  malfunction  likely  to 
occur,  how  such  failures  or  malfunctions  affect 
propeller  pitch,  and  the  design  feature  that 
prevents  unwanted  travel  of  the  propeller 
blades  to  a  position  substantially  below  the 
normal  flight  low-pitch  stop.  The  analysis  may 
include,  or  be  supported  by,  the  analysis  made 
to  demonstrate  compliance  with  the  require¬ 
ments  of  section  14.103  of  this  subchapter  for 
the  propeller  and  associafed  installation  com¬ 
ponents  supplied  with  it. 

(c)  When  necessary,  testing  should  be  con¬ 
ducted  to  verify  assumptions  made  in  the  anal¬ 
ysis  of  how  the  propeller  will  function  with  a 
failed  system  component  and  that  the  design 

Where  the  blade  position  is  intended  to  provide  increased  drag  dur¬ 
ing  the  landing  run  (ground  fine  pitch)  or  a  reversed  propeller  blade 
position. 
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feature  provided  does  in  fact  prevent  unwanted 
travel  of  the  propeller  blades. 

(22  F.  R.  6885,  Aug.  27,  1957,  effective  Sept.  15,  1957). 

4I».408  Turbopropeller-drag  limiting 
egeteme.  For  tarbopropeller-powered  air- 
planes,  propeller-dri^  Umiting  sjatema  ahall  be 
anch  that  ao  aini^e  faUure  or  malfDnetion  of  any 
ot  the  ayatema  daring  normal  or  emergency 
operation  will  reanlt  in  propeller  drag  in  excess 

that  for  wUch  the  lUrplue  was  designed  in 
compliance  with  section  4b.216  (d).  FaUure  of 
atmctnral  elements  the  drag  Umiting  systems 
need  not  be  considered  if  occurrence  of  such 
faUnre  is  expected  to  be  extremely  remote. 
(See  also  sec.  4b.310.) 

4b.409  Turbine  potcerplant  operating 
eharaeterietiea.  Turbine  powerpiant  operat¬ 
ing  characteristics  shaU  be  investigated  in 
flight  to  determine  that  no  adverse  character¬ 
istics,  such  as  staU,  surge,  or  flameont,  are 
present  to  a  hazardous  degree  daring  normal 
and  emergency  operation  of  the  airplane  within 
the  range  of  operating  Umitations  of  the  airplane 
and  of  the  engine. 

Fuel  System  Operation  and 
Arrangement 

4b.410  General. 

(a)  The  fuel  system  shaU  be  constructed 
and  arranged  in  such  a  manner  as  to  assure  a 
flow  of  fbd  at  a  rate  and  pressure  which  have 
been  established  for  proper  engine  functioning 
under  aU  likely  operating  conditions,  including 
all  manenvms  for  which  the  airplane  is  in¬ 
tended.  (For  fuel  system  instruments  see 
sec.  4b.604.) 

(b)  The  fuel  system  shaU  be  so  arranged  that 
no  one  fuel  pump  can  draw  fuel  from  more  than 
one  tsnir  nt  a  time  unless  means  are  provided 
to  iwevent  introducing  air  into  the  system. 

4b.411  Fuel  eyetem  independence.  The 
design  of  the  fbd  system  shaU  comply  with  the 
requirements  of  section  4b.401  (b).  Unless 
othm  provisions  are  made  in  compUance  with 
this  requirement,  the  fad  system  shaU  be 
arranged  to  permit  the  supply  of  fuel  to  each 
engine  through  a  system  independent  of  any 
portion  of  a  system  supplying  fuel  to  any  other 
engine. 


[4b.413  Fuel  flow. 

[(a)  The  fuel  system  shall  provide  not  less 
than  100  percent  of  the  fuel  flow  required  by 
the  engines  when  the  airplane  is  operated  under 
aU  intended  operating  conditions  and  ma¬ 
neuvers. 

11(b)  In  determining  compUance  with  the 
provisions  of  paragraph  (a)  of  this  section,  the 
provisions  of  subparagraphs  (1)  through  (4) 
of  this  paragraph  shaU  ap^y. 

[(1)  Fuel  shaU  be  deUvered  tot  he  engine 
at  a  pressure  within  the  Umits  specified  in  the 
engine  type  certificate. 

[(2)  The  quantity  of  fuel  in  the  tank  being 
considered  shaU  not  exceed  the  sum  of  the 
amount  estabUshed  as  the  unusable  fuel  sup|dy 
for  that  tank,  as  determined  in  accordance  with 
the  provisions  of  section  4b.416,  and  whatever 
minimum  quantity  of  fuel  it  may  be  necessary 
to  add  for  the  purpose  of  determining  compli¬ 
ance. 

[(3)  Such  main  pumps  shaU  be  used  as 
are  necessary  for  each  operating  condition  and 
airplane  attitude  for  which  compliance  is  deter¬ 
mined,  and,  in  addition,  for  each  main  pump  so 
used  the  appropriate  emergency  pump  shall  be 
substituted.  (See  sec.  4b.430(b).) 

[(4)  If  a  fuel  flowmeter  is  provided,  oper¬ 
ation  of  the  meter  shaU  be  blocked  in  deter¬ 
mining  compliance  with  this  section  and  the 
fuel  shaU  flow  through  the  meter  or  its  bypass. 

[(c)  If  an  engine  can  be  suppUed  with  fuel 
from  more  than  one  tank,  it  shaU  be  possible 
to  regain  the  fnU  fuel  pressure  of  that  engine 
in  not  more  than  20  seconds  after  switching 
to  any  fuel  tank  when  engine  malfunctioning 
becomes  apparent  due  to  the  depletion  of  the 
fuel  supply  in  any  tank  from  which  the  engine 
can  be  fed.l 

[(Amendment  45-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effecUve  May  3, 1962.)] 

[4b.416  Unusable  fuel  supply.  The 
unusable  fuel  supply  shall  be  selected  by  the 
appUcant  and  shaU  be  estabUshed  for  each 
tai^  as  not  less  than  the  quantity  at  which  the 
first  evidence  of  malfunctioning  occurs  under  the 
most  adverse  condition  from  the  standpoint  of 
fuel  feed  during  aU  intended  operations  and 
flight  maneuvers  involving  use  of  that  tank.] 

[(Amendment  4b-12,  published  27  P.  R.  2896, 
Mar.  30,  1962,  effective  May  3, 1962.)] 
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4b.417  Fuel  eyetem  hot  weather  opera¬ 
tion. 

(a)  To  prove  satisfactory  hot  weather  opera¬ 
tion  the  airplane  shall  be  climbed  from  the 
altitude  of  the  airport  chosen  by  the  applicant 
to  the  altitude  corresponding  with  that  at  which 
the  one-engine-inoperative  best  rate  of  climb 
is  not  greater  than  the  en  route  climb  with  the 
conjuration  and  at  the  weight  specified  in  sec¬ 
tion  4b.l20  (c).  There  shall  be  no  evidence  of 
vi^or  lock  or  other  malfunctioning.  The  climb 
test  shall  be  conducted  under  the  following 
conditions: 

(1)  For  reciprocating-engine-powered  air¬ 
planes,  all  engines  shall  operate  at  maximum 
continuous  power,  except  that  takeoff  power 
shall  be  used  for  the  altitude  range  extending 
from  1,000  feet  below  the  critical  altitude 
through  the  critical  altitude.  The  time  interval 
during  which  takeoff  power  is  used  shall  not 
be  less  than  the  takeoff  time  limitation.  For 
turbine-engine-powered  airplanes,  all  engines 
shall  operate  at  takeoff  power  for  the  time 
interval  selected  by  the  applicant  in  demon¬ 
strating  the  takeoff  flight  path  and  thereafter 
shall  operate  at  maximum  continuous  power  for 
the  duration  of  the  climb. 

(2)  The  weight  shall  be  with  frill  fnel  tanks, 
minimum  crew,  and  such  ballast  as  is  required 
to  maintain  the  center  of  gravity  within  allow¬ 
able  liniits. 

(3)  The  speed  of  climb  shall  not  exceed 
that  which  will  permit  compliance  with  the 
minimum  eUmb  requirement  specified  in  sec¬ 
tion  4b.ll9  (a). 

(4)  The  friel  temperature  shall  be  not  less 
than  110<>  F. 

(b)  The  test  prescribed  in  paragraph  (a)  of 
tlds  section  shaU  be  performed  either  in  flight 
or  on  the  ground  closely  simulating  flight  con¬ 
ditions.  If  a  flight  test  is  performed  in  weather 
sufficiently  cold  to  interfere  with  the  proper 
conduct  of  the  test,  the  friel  tank  surfaces,  fuel 
lines,  and  other  friel  system  parts  subjected  to 
cooling  action  from  cold  air  shall  be  insulated 
to  simulate,  in  so  far  as  practicable,  flight  in 
hot  weather. 

4b.417-l  Hof  weather  fuel  system  tests  {FAA 
potieies  which  apply  to  sec.  4^-417). 

(a)  General.  Hot  weather  fuel  system  tests 
should  be  conducted  with  fuel  in  the  tanks 


normally  used  for  takeoff  and  landing  and  with 
the  maximum  number  of  engines  drawing  fuel 
from  the  tank  as  would  normally  occur  in  flight. 
In  the  case  of  symmetrical  fuel  tank  systems, 
the  tests  may  be  confined  to  one  of  each  such 
system.  Unweathered  fuel  should  be  used  dur¬ 
ing  these  demonstrations.  The  fuel  tempera¬ 
ture  should  be  110°  F.  just  prior  to  takeoff.  If 
the  fuel  must  be  heated  to  this  temperature, 
caution  should  be  taken  to  prevent  overheating 
during  the  process.  The  auxiliary  fuel  pumps 
should  be  turned  “off”  or  “on”  during  the  tests 
depending  upon  the  normal  operating  procedure 
established  for  the  airplane.  If  the  auxiliary 
pumps  are  being  considered  for  use  as  emer¬ 
gency  pumps,  they  should  be  inoperative  to  at 
least  6,000  feet.  A  fuel  pressure  failure  is  con¬ 
sidered  to  occur  when  the  fuel  pressure  decreases 
below  the  minimum  prescribed  by  the  engine 
manufacturer. 

(b)  Configuration.  This  test  should  be  con¬ 
ducted  in  the  configuration  that  follows; 

Weight — corresponding  to  operation  with 
full  fuel  tanks,  minimum  crew  and  bal¬ 
last  required  to  maintain  airplane  within 
center  of  gravity  limits. 

C.  G.  position — optional,  within  allowable 
limits. 

Wing  flaps — most  favorable  position. 

Landing  gear — retracted. 

Cowl  flaps — m  a  position  that  provides 
adequate  cooling  in  the  hot  day  condi¬ 
tion. 

Engines — See  (c). 

(c)  Test  procedure  and  required  data.  The 
takeoff  and  climb  should  be  made  as  soon  as 
possible  after  the  fuel  in  the  tank  has  been 
heated  to  110°  F.  The  airspeed  during  the 
climb  should  not  exceed  that  speed  used  in 
demonstrating  the  requirements  specified  in 
section  4b. 119  (a).  If  the  engines  are  normally 
operated  with  the  auxiliary  pumps  “off,”  they 
should  be  turned  “on”  when  a  fuel  pressure 
failure  occurs.  Restoration  of  fuel  pressure 
should  be  noted  and  the  climb  continued  to  the 
maximum  operating  altitude  selected  by  the 
applicant  for  certification.  The  following  data 
should  be  recorded  at  reasonable  time  intervals: 

Fuel  temperature  at  start  of  test. 
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Fuel  pressure  at  start  of  test  and  continu¬ 
ously  during  climb  noting  any  pressure 
failures. 

Auxiliary  fuel  pump  operation. 

Pressure  altitude. 

Ambient  air  temperature. 

Airspeed. 

Engines,  r.  p.  m.  and  manifold  pressure. 

Comments  on  engine  operation. 

(19  F.  R.  4463,  July  20,  1054,  effective  Sept.  1,  1954; 
amended  22  F.  R.  6963,  Aug.  29,  1957,  effective  Sept. 
15,  1057.) 

C4b.418  Flow  between  interconnected 
tonke.  If  it  is  possible  to  pomp  fuel  from  one 
tank  to  another  in  flight,  the  design  of  the  fuel 
tank  Tents  and  the  fuel  transfer  system  shall 
be  snch  that  no  strnctoral  damage  to  tanks  will 
oeenr  in  the  etent  of  OTerfliling.] 

[(Amendment  4b-12,  pnblished  27  F.  R.  2986, 
Mar.  SO.  1982,  effective  May  S,  1962.)] 

Fuel  System  Construction  and 
Installation 

4b.420  General, 

(a)  Fuel  tanks  shall  be  capable  of  with¬ 
standing  whhont  failure  all  vil^ation,  inertia, 
flnld,  and  stmctnral  loads  to  which  they  may 
be  snbjected  in  opmation. 

(b)  Flexible  fbel  tank  liners  shall  be  of  an 
i^proTed  type  or  shall  be  shown  to  be  suitable 
for  the  particular  application. 

(e)  Integral  type  fbel  tanks  shall  be  pro¬ 
dded  with  facilities  for  inspection  and  repair 
et  the  tank  interior. 

(d)  CDeleted.1 

(e)  Fuel  tanks  located  within  the  fuselage 
cwitour  shall  be  capable  of  resisting  rupture  and 
retaining  the  fuel  under  the  inertia  forces  pre¬ 
scribed  for  the  emergency  landing  conditions  in 
section  4b.260.  In  addition,  these  tanks  shall 
be  located  in  a  protected  position  so  that  expo¬ 
sure  of  the  tanks  to  scraping  action  with  the 
ground  will  be  unlikely. 

(f)  The  augmentation  liquid  tank  capacity 
aTaUaUe  for  the  use  of  each  engine  shall  be 
saffldeat  to  p^mit  iqieration  of  the  airplane  in 
accordance  with  the  procedures  for  the  use  of 
liquid  augmented  powers  which  are  established 
and  a^roved  with  respect  to  compliance  with 
the  rdated  requirements  of  this  part.  The 
computation  ei  liquid  consumption  shall  be 

m 


based  on  the  maximum  approved  rate  appro¬ 
priate  for  the  desired  engine  output  and  shall 
include  the  effect  of  temperature  on  engine 
performance  as  well  as  any  other  factors  that 
might  cause  a  variation  in  the  amount  of  liquid 
required. 

[(Amendment  4b-12.  published  27  F.  R.  2986 
Mnr.  SO,  1962,  effective  May  3,  1962.)] 

4b.420-l  Minimum  quantity  of  antideto- 
nant  fluid  required  {,FAA  policies  which  apply  to 
sec.  4h.4^0  («)). 

(a)  Airplanes  equipped  with  a  common  tank 
for  two  engines.  The  usable  capacity  of  the 
tank  should  be  sufficient  for  operation  of  the 
engines  served  by  that  tank  for  a  duration 
equal  to  that  determined  by  Case  A,  B,  or  C, 
whichever  is  applicable  and  results  in  the 
greater  value  (see  table  2).  The  capacity 
should  be  based  on  the  flow  rate  approved 
during  engine  type  certiflcation. 

(1 )  Case  A.  Case  A  is  intended  to  provide 
for  conditions  with  all  engines  operating  and, 
therefore,  the  approach  climb  requirement  is 
not  involved. 

(2)  Case  B.  Case  B  is  intended  to  provide 
for  failure  of  one  engine  during  the  course  of  a 
flight  between  takeoff  and  landing  and  may, 
therefore,  involve  the  approach  climb  require¬ 
ment  but  not  the  landing  climb  requirement. 

(3)  Case  C.  Case  C  provides  for  failure  of 
an  en^e  during  the  course  of  a  flight  between 
takeoff  and  landing  on  a  four-engine  aircraft 
which  has  two  tanks;  each  feeding  a  pair  of 
en^es  on  one  side  of  the  airplane.  The  tables 
show  the  quantities  required  to  assure  an 
adequate  supply  of  fluid  on  the  side  of  the 
airplane  opposite  to  the  side  on  which  the 
failure  occurs  since  this  is  the  critical  considera¬ 
tion  for  determining  the  tank  quantity.  Both 
tanks  on  the  airplane  should,  of  course,  have 
this  capacity.  For  the  same  reason  as  in  Case 
B,  the  landing  climb  is  not  involved  for  Case  C, 
but  the  approach  climb  requirement  may  be 
involved. 

(b)  Airplanes  equipped  with  a  separate  tank 
for  each  engine.  The  capacity  of  the  tank 
should  be  sufficient  for  operation  of  the  engine 
for  a  duration  equal  to  the  greatest  value 
specified  for  engine  #1  in  the  three  cases  listed 
in  table  2.  However,  in  no  case  should  the 
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Tablk  2.  Antidbtonant  Tank  Capacitt 
(Total  for  tank  equals  sum  of  totals  for  both  engines  served  by  tank) 


4b.421 


Case  A 

Case  B 

Case  C 

Engine  ll 

Engine  #2 

Engine  #1 

Engine  #2 

Engine  #  1 

Engine  #2 

Takeoff _ 

X» 

X 

X 

X 

X 

X 

AnnroAoh*  _  . 

X 

X 

X 

w  a  - - - 

ftAnniTifir*  . 

X/2* 

X/2»‘ 

X/2« 

X/2>‘ 

1 

X 

X 

X 

1 

I  Wbtnvw  “X"  Appesn  in  tbe  table,  it  denotaa  a  duration  equal  to 
tbe  mailinnm  time  nr  which  the  uae  of  wet  takeoff  power  U  used  for 
detarmlnatlCD  of  the  takeoff  flight  path  of  the  airplane.  However,  In  no 
eawehoald  tbe  value  of  either  or  “X/a"  be  considered  to  be  lem  than 

OM  miBQte. 

*  Apffllas  as  Indicated  by  “X"  oidy  If  wet  takeoff  power  la  used  to 
demMutrate  compliance  with  the  approach  dlmb  requirement  of  section 
4b.ue  (d). 


*  AppUee  as  Indicated  by  "X"  only  If  wet  takeoff  power  la  used  to 
demonstrate  compUanoe  with  the  landing  cllab  requirement  of  section 
tb.ll»  (b). 

*“XJr'  Is  sueeifled  for  tbe  reserve  In  the  all-engine  operating  case 
rather  than  “X"  because  this  type  of  opwatiOD  Is  oooaldered  less  critical 
than  operation  with  one  engine  Inoperative  and  tbe  reserve  need  not 
tbertfore  be  as  large. 


quantity  be  less  than  that  required  for  three 
minutes  of  engine  operation. 

(20  F.  R.  2280,  Apr.  8,  1055,  efFeotive  Apr.  30,  1055.) 

4b.421  Fuel  tank  teete. 

(a)  Fuel  tanks  shall  be  demonstrated  by  test 
to  be  capable  of  withstanding  the  more  critical 
of  the  pressures  resulting  from  the  conditions  of 
snbPAragraphs  (1)  and  (2)  of  this  paragraph 
without  failure  or  leakage  as  mounted  in  the 
airplane.  In  addition,  tank  surfaces  subjected 
to  more  critical  pressures  resulting  from  the 
conditions  of  subparagraphs  (3)  and  (4)  of  this 
paragraph  shall  be  demonstrated  by  means  of 
dther  analyses  or  tests  to  be  capable  o!  with* 
standing  such  pressures. 

(1)  Internal  pressures  of  3.5  psi; 

(2)  125  percent  of  the  maximum  air  pres¬ 
sure  devdoped  in  the  tank  from  ram  effect; 

(3)  flidd  pressures  deyeloped  during  maxi¬ 
mum  limit  accelerations  and  deflections  of  the 
airline  with  a  frill  tank; 

(4)  Fluid  pressures  dereloped  during  the 
most  adverse  combination  of  airplane  roll  and 
fuel  load. 

(b)  Metallic  tanks  with  large  unsupported  or 
nnstlffened  flat  surfaces,  the  failure  or  deforma¬ 
tion  ei  xdiich  could  cause  fuel  leakage,  shall  be 
capaUe  of  withstanding  a  vilwation  test  in 
accordance  with  the  conditions  of  subpara- 
graplm  (1)  throngb  (4)  of  this  paragraph,  or 
other  equivident  test,  without  leabge  or  exces- 
siro  dtfonnation  of  the  tank  walls. 

(1)  The  complete  tank  assemUy  together 
with  its  airports  shaD  be  subjected  to  a  vibra¬ 


tion  test  when  mounted  in  a  manner  simulating 
the  actual  installation. 

(2)  The  tank  assembly  shall  be  vibrated 
for  25  hours  while  filled  two-thirds  full  of  watm* 
or  any  snitaUe  test  flitid.  The  amplitude  of 
vibration  shall  not  be  less  than  one  thirty- 
second  of  an  inch,  unless  otherwise  sub¬ 
stantiated. 

(3)  The  frequency  of  vibration  shall  be 
90  percent  of  the  maximum  continuous  rated 
speed  of  the  engine  unless  some  othm  fre¬ 
quency  within  the  normal  operating  range  of 
speeds  of  the  engine  is  mwe  critical,  in  which 
case  the  latter  speed  shall  be  employed  and 
the  time  of  test  shall  be  adjusted  to  accomplish 
the  same  number  of  vibration  cycles. 

(4)  During  the  test,  the  tank  assembly 
shall  be  rocked  at  the  rate  of  16  to  20  complete 
cycles  per  minute  through  an  angle  of  15° 
on  mther  side  of  the  horizontal  (30°  total) 
about  the  most  critical-axis  tor  25  hours.  If 
motion  about  more  than  one  axis  is  likdy  to  be 
critical,  the  tank  shall  be  rocked  about  each 
axis  for  12H  hours.  — 

(c)  Nonmetallic  tanks  shall  withstand  the 
test  specified  in  subparagraph  (b)(4)  of  this 
section  with  fuel  at  a  temperature  of  110°  F. 
except  that  this  test  shall  not  be  required  where 
satisfactory  operating  experience  with  a  similar 
tank  in  a  similar  installation  is  shown.  During 
the  test  a  r^esentative  specimen  of  the  tank 
shall  be  installed  in  snppwting  structure  which 
simulates  the  installation  in  the  airplane. 
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lb.422  Fuel  tank  installation. 

(a)  The  method  of  support  for  fuel  tanks 
shall  not  permit  concentration  of  loads,  resulting 
from  the  weight  of  the  fuel  in  the  tank,  on 
unsupported  tank  surfaces.  The  following 
shall  1^  apidicahle: 

(1)  Pads  shall  he  provided  to  prevent 
chafing  between  the  tank  and  its  supports. 

(2)  Materials  em^oyed  for  padding  shall 
be  nonabsorbent  or  shall  be  treated  to  prevent 
the  absorption  of  fluids. 

(3)  If  flexible  tank  liners  are  employed 
they  shall  be  so  supported  that  the  liner  is  not 
required  to  withstand  fluid  loads. 

(4)  Interior  surfaces  of  tank  compartments 
shall  be  smooth  and  free  of  projections  which 
could  cause  wear  of  the  liner,  unless  provisions 
are  made  for  protection  of  the  liner  at  such 
pmnts  or  unless  the  construction  of  the  liner 
itself  provides  such  protection. 

(b)  Spaces  adjacent  to  the  surfaces  of  the 
tank  shall  be  ventilated  consistent  with  the  size 
of  the  compartment  to  avoid  fume  accumulation 
in  the  case  of  minor  leakage.  If  the  tank  is  in 
a  sealed  compartment  it  shall  be  acceptable  to 
limit  the  ventilation  to  that  provided  by  dtrain 
holes  of  sufficient  size  to  prevent  excessive 
pressure  resulting  from  altitude  changes. 

(c)  Location  of  fuel  tanks  shall  comply  with 
the  iwovisions  of  section  4b.481  (a). 

(d)  No  portion  of  engine  nacelle  skin  which 
lies  immediately  behind  a  major  air  egress 
opening  from  the  engine  compartment  shall  act 
as  the  wall  of  an  integral  tank. 

(e)  Fuel  tanks  shall  be  isolated  from  per* 
sonnel  compartments  by  means  of  fnmeproof 
and  fnelproof  enclosures. 

4b.423  Fuel  tank  expansion  space. 

(a)  Fuel  tanks  shall  be  provided  with  an 
expansion  space  of  not  less  than  2  percent  of  the 
tank  capacity. 

(b)  It  shall  not  be  possible  to  fill  the  fuel  tank 
expanmon  space  inadvertently  when  the  air* 
plane  is  in  the  normal  ground  attitude. 

4b.424  Fuel  tank  sump. 

(a)  Each  fuel  tank  shaU  be  provided  with  a 
sump  having  a  capacity  of  not  less  than  either 
0.10  percent  of  the  tank  capacity  or  one*six* 


teenth  of  a  gallon,  whichever  is  the  greater, 
except  that  a  smaller  capacity  shall  be  accept¬ 
able  if  operating  limitations  are  established  to 
assure  that  in  service  the  accumulation  of  water 
will  not  exceed  the  sump  capacity. 

(b)  The  fuel  tank  sump  capacity  specified  in 
paragraph  (a)  of  this  section  shall  be  effective 
with  the  airplane  in  the  normal  ground  attitude. 
The  fuel  tank  shall  be  constructed  to  permit 
drainage  of  any  hazardous  quantity  of  water 
from  all  portions  of  the  tank  to  the  sump  when 
the  airplane  is  in  the  ground  attitude. 

(c)  Fuel  tank  sumps  shall  be  provided  with 
an  accessible  drain  to  permit  complete  drainage 
of  the  sump  on  the  ground.  The  drain  shall 
discharge  clear  of  all  portions  of  the  airplane  and 
shall  be  provided  with  means  for  positive 
locking  of  the  drain  in  the  closed  position, 
either  manually  or  automatically. 

4b.425  Fuel  tank  filler  connection. 

(a)  The  design  of  fuel  tank  filler  connections 
shall  be  such  as  to  prevent  the  entrance  of  fuel 
into  the  fuel  tank  compartment  or  any  other 
portion  of  the  airplane  other  than  the  tank  itself. 

(b)  Recessed  fuel  tank  filler  connections 
which  retain  any  appreciable  quantity  of  fuel 
shall  incorporate  a  drain,  and  the  drain  shall 
discharge  clear  of  all  portions  of  the  airplane. 

(c)  The  fuel  tank  filler  cap  shall  provide  a 
fneUtight  seal. 

(d)  The  fuel  tank  filler  connections  shall  be 
marked  as  prescribed  in  section  4b.738  (b). 

4b.426  Fuel  tank  vents  and  carburetor 
vapor  vents. 

(a)  Fuel  tanks  shall  be  vented  from  the  top 
portion  of  the  expansion  space  in  such  a  manner 
that  venting  of  the  tank  is  effective  under  ail 
nmmal  flight  conditions.  The  following  shall 
be  applicable: 

(1)  Vent  outlets  shall  be  located  and  con* 
strncted  to  prevent  the  possibility  of  being 
obstructed  by  ice  or  other  foreign  matter. 

(2)  The  vent  shaU  be  constructed  to  pre* 
elude  the  possibility  of  siphoning  fuel  during 
normal  operation. 

(3)  The  vent  shall  be  of  sufficient  size  to 
prevent  the  existence  of  excessive  differences 
of  pressure  between  the  interior  and  exterior 
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of  the  tank  during  normal  flight  operation, 
during  maximum  rate  of  descent,  and,  if 
applicable,  during  refheling  and  defueling. 

(4)  Airspaces  of  tanks  with  interconnected 
outlets  shall  also  be  interconnected. 

(5)  There  shall  be  no  points  in  the  vent 
line  where  moisture  could  accumulate  with  the 
airplane  in  either  the  ground  or  the  level  flight 
attitude  unless  drainage  is  provided. 

(6)  Vents  and  drainage  shall  not  terminate 
at  p<dnts  where  the  discharge  of  fuel  from  the 
vent  ouflet  would  constitute  a  fire  hazard  or 
from  which  fumes  could  enter  personnel  com¬ 
partments. 

(b)  Carburetors  which  are  provided  with 
vapor  elimination  connections  shall  be  provided 
with  a  vent  line  to  lead  vapors  back  to  one  of  the 
fhel  tanks.  The  vents  shall  comply  with  the 
foUowing: 

(1)  Provisions  shall  be  incorporated  in 
the  vent  system  to  avoid  st(H>page  by  ice. 

(2)  If  more  than  one  fuel  tank  is  provided 
and  it  is  necessary  to  use  the  tanks  in  a  definite 
sequence,  the  vapor  vent  return  line  shall  lead 
back  to  the  fuel  tank  used  for  takeoff  and 
landing. 

4b.427  Fuel  tank  outlet.  A  fuel  strainer 
of  8  to  16  meshes  per  inch  shall  be  provided 
either  for  the  fuel  tank  outlet  or  for  the  booster 
pump.  Strainers  shall  comply  with  the  fol¬ 
lowing: 

(a)  The  clear  area  of  the  fuel  tank  outlet 
strainer  shall  not  be  less  than  5  times  the  area 
of  the  fuel  tank  outlet  line. 

(b)  The  diameter  of  the  strainer  shall  not 
be  less  than  the  diameter  of  the  fuel  tank 
outlet 

(c)  Finger  strainers  shall  be  accessible  for 
inspection  and  cleaning. 

4b.428  Under-wing  fueling  provisions. 
Under-wing  fuel  tank  connections  shall  be 
provided  with  means  to  prevent  the  escape  of 
hazardous  quantities  of  fuel  from  the  tank  in 
the  event  of  malfunctioning  of  the  fuel  enti-y 
valve  while  the  cover  plate  is  removed.  In 
addition  to  the  normal  means  provided  in  the 
airplane  for  limiting  the  tank  content  a  means 
shall  be  installed  to  prevent  damage  to  the 
tank  in  case  of  failure  of  the  normal  means. 


Fuel  System  Components 

4b.430  Fuel  pumps. 

(a)  Main  pumps. 

(1)  Any  fuel  pump  that  is  required  for 
proper  engine  operation  or  to  meet  the  fuel 
system  requirements  of  this  subpart,  except 
for  the  provisions  of  paragraph  (b)  of  this 
section,  shall  be  considered  a  main  pump. 

(2)  Provision  shall  be  made  to  permit  the 
bypass  of  all  positive  displacement  fuel  pumps 
except  fuel  injection  pumps  approved  as  part 
of  the  engine. 

(b)  Emergency  pumps. 

(1)  Emergency  pumps  shall  be  provided 
and  immediately  available  to  permit  supplying 
all  engines  with  fuel  in  case  of  failure  of  any 
one  main  fuel  pump  except  fuel  injection  pumps 
approved  as  part  of  the  engine.  This  require¬ 
ment  is  not  intended  to  prohibit  the  use  of 
another  main  pump  as  an  emergency  pump 
after  failure  of  one  main  pump. 

4b.430-l  Friel  injection  pump  {FAA  in¬ 
terpretations  which  apply  to  sec.  4h.430).  The 
phrase  “fuel  injection  pump”  means  a  pump 
that  supplies  the  proper  flow  and  pressure 
conditions  for  fuel  injection**  when  such  in¬ 
jection  is  not  accomplished  in  a  carburetor. 

(23  F.  R.  7482,  Sept.  26,  1958,  effective  Oct.  20,  1958.) 

4b.432  Fuel  system  lines  and  fittings. 

(a)  Fuel  lines  shall  be  installed  and  sup¬ 
ported  to  prevent  excessive  vibration  and  to 
withstand  loads  due  to  fuel  pressure  and  due  to 
accelerated  flight  conditions. 

(b)  Fuel  lines  which  are  connected  to  com¬ 
ponents  of  the  airplane  between  which  relative 
motion  could  exist  shall  incorporate  provisions 
for  flexibility. 

(c)  Flexible  connections  in  fuel  lines  which 
may  be  under  pressure  and  subjected  to  axial 
loading  shall  employ  flexible  hose  assemblies 
rather  than  hose  clamp  connections. 

(d)  Flexible  hose  shall  be  of  an  approved 
type  or  shall  be  shown  to  be  suitable  for  the 
particular  application. 

>>  Fuel  injection  Is  a  special  form  of  carburetlon:  the  chargln;!  of  air 
or  gas  with  voiatlle  carbon  compounds.  It  is  either  an  Intermittent 
charging  of  air  b;  discrete,  metered  quantities  of  fuel  such  as  occurs  on  a 
Diesel  cylinder  or  it  Is  a  continuous  charging  of  air  by  fuel,  the  fuel  flow 
being  proportioned  to  the  airflow  through  the  engine.  Examples  of 
continuous  Injection  are  injections  into  the  supercharger  section  of  a 
reciprocating  engine  or  into  the  combustion  chambers  of  a  turbine 
engine. 
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(e)  Flexible  hoses  which  might  be  adversely 
affected  by  exposure  to  high  temperatures  shall 
not  be  employed  in  locations  where  excessive 
temperatures  will  exist  during  operation  or  after 
engine  shut-down. 

4b.433  Fuel  lines  and  Attings  in  desig¬ 
nated  Are  zones.  Fuel  lines  and  fittings  in 
all  designated  fire  zones  (see  sec.  4b.480)  shall 
comply  with  the  provisions  of  section  4b.483. 

4b.434  Fuel  valves.  In  addition  to  the  re¬ 
quirements  of  section  4b.482  for  shutoff  means, 
aU  fhel  valves  shall  be  provided  with  positive 
stops  or  suitable  index  provisions  in  the  “on” 
and  “off”  positions  and  shall  be  supported  so 
that  loads  resulting  from  their  operation  or 
from  accelerated  flight  conditions  are  not  trans¬ 
mitted  to  the  lines  attached  to  the  valve. 

4b.435  Fuel  strainer  or  Alter.  A  fuel 
strainer  or  filter  shall  be  provided  between 
the  fuel  tank  outlet  and  the  fuel  metering  device 
of  the  engine.  The  following  provisions  of  this 
section  shall  be  complied  with: 

(a)  If  an  engine-driven  fuel  pump  is  pro¬ 
vided,  the  strainer  or  filter  shall  be  located 
between  the  tank  outlet  and  the  engine-driven 
pump  inlet. 

(b)  The  fuel  strainer  or  filter  shall  be  ac¬ 
cessible  for  drainage  and  cleaning,  and  the 
strainer  screen  shall  be  easily  removable. 

(c)  The  strainer  or  filter  shall  be  mounted 
in  a  manner  not  to  cause  its  weight  to  be 
supported  by  the  connecting  lines  or  by  the 
inlet  or  outlet  connections  of  the  strainer  or 
filter  itself. 

[(d)  Provision  shall  be  made  to  maintain 
automatically  the  fuel  flow  when  ice-clogging 
of  the  filter  occurs,  unless  means  are  incor¬ 
porated  in  the  fuel  system  to  prevent  the 
accumulation  of  ice  particles  on  the  filter.] 

(e)  The  fuel  strainer  or  filter  shall  be  of 
adequate  capacity,  commensurate  with  operat¬ 
ing  limitations  established  to  insure  proper 
swvice  and  of  appropriate  mesh  io  insure 
proper  engine  operation  with  the  fuel  contami¬ 
nated  to  a  degree,  with  respect  to  particle  size 
and  density,  which  can  be  reasonably  expected 
to  occur  in  service.  The  degree  of  fuel  filtering 
shall  be  not  less  than  that  established  for  the 
engine  in  accordance  with  Part  13  of  this 
snbchapter. 


[(Amendment  4b-12.  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 

[(4b.436  Fuel  system  drains.  Drainage 
of  the  fuel  system  shall  be  accomplished  by 
fuel  strainer  drains  and  other  drains  as  pro¬ 
vided  in  section  4b.424.  The  drains  shall 
discharge  clear  of  all  portions  of  the  airplane 
and  shall  incorporate  means  for  positive  locking 
of  the  drain  in  the  closed  position,  either 
manually  or  automatically.] 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 

4b.437  Fuel  jettisoning  system.  If  the 
maximum  takeoff  weight  for  which  the  air- 
idane  is  certificated  exceeds  105  percent  of  the 
certificated  maximum  landing  weight,  provi¬ 
sion  shall  be  made  for  the  jettisoning  of  fuel 
from  the  maximum  takeoff  to  the  maximum 
landing  weight. 

(a)  The  average  rate  of  fuel  jettisoning  shall 
be  1  percent  of  the  maximum  takeoff  weight 
per  minute,  except  that  the  time  required  to 
jettison  the  fuel  need  not  be  less  than  10  min¬ 
utes.  Compliance  with  these  provisions  shall 
be  shown  at  maximum  takeoff  weight,  with 
flaps  and  landing  gear  up,  and  in  the  following 
flight  conditions: 

(1)  Power-off  glide  at  a  speed  of  1.4  Fsi. 

(2)  Climb  at  the  one-engine-inoperative 
best  rate-of-climb  speed  with  the  critical  engine 
inoperative,  the  remaining  engine  (s)  at  maxi¬ 
mum  continuous  power. 

(3)  Level  flight  at  a  speed  of  1.4  F«,,  if  the 
results  of  tests  in  conditions  specified  in  sub- 
paragraphs  (1)  and  (2)  of  this  paragraph  indicate 
that  this  condition  could  be  critical. 

(b)  During  the  flight  tests  prescribed  in 
paragraph  (a)  of  this  section  it  shall  be  demon¬ 
strated  that  the  fuel  jettisoning  system  complies 
with  the  following  provisions: 

(1)  The  fuel  jettisoning  system  and  its 
operation  shall  be  free  of  fire  hazard. 

(2)  The  fuel  shall  discharge  clear  of  all 
portions  of  the  airplane. 

(3)  Fuel  or  fumes  shall  not  enter  any  por¬ 
tion  of  the  airplane. 

(4)  The  jettisoning  operation  shall  not 
affect  adversely  the  controllability  of  the  air¬ 
plane. 

(c)  The  design  of  the  jettisoning  system  shall 
be  such  that  it  would  not  be  possible  to  jettison 


136 


CAM  4b 


AIRPLANE  airworthiness;  TRANSPORT  CATEGORIES 


4b.437-l 


fuel  in  the  tanks  used  for  takeoff  and  landing 
below  the  level  providing  45  minutes  flight  at  75 
percent  maximum  continuous  power,  except 
that  it  shall  be  permissible  to  jettison  all  fuel 
where  an  auxUiary  control  is  provided  inde¬ 
pendent  of  the  main  jettisoning  control.  For 
turbine-powered  airplanes,  the  design  of  the 
jettisoning  system  shall  be  such  that  it  would 
not  be  possible  to  jettison  fuel  in  the  tanks  used 
for  takeoff  and  landing  below  the  level  pro¬ 
viding  climb  fh>m  sea  level  to  10,000  feet  and 
thereafter  providing  45  minutes  cruise  at  a 
speed  for  maximum  range. 

(d)  The  fuel  jettisoning  valve  shall  permit 
the  flight  personnel  to  close  the  valve  during 
any  portion  of  the  jettisoning  operation.  (See 
sec.  4b.475  for  fuel  jettisoning  system  controls.) 

(e)  Unless  it  is  demonstrated  that  lowering 
of  the  flaps  does  not  adversely  affect  fuel  jetti¬ 
soning,  a  placard  shall  be  provided  adjacent  to 
the  jettisoning  control  to  warn  flight  personnel 
against  jettisoning  fuel  while  the  flaps  are  low¬ 
ered.  A  notation  to  this  effect  shall  also  be 
included  in  the  Airplane  Flight  Manual.  (See 
sec.  4b.740.) 

(f)  The  design  of  the  fuel  jettisoning  system 
shall  be  such  that  any  reasonably  probable 
single  malfunction  in  the  system  will  not  result 
in  a  hazardous  condition  due  to  unsymmetrical 
jettisoning  or  inability  to  jettison  fuel. 

4b.437-l  Test  procedure  for  fuel  jettisoning 
{FAA  policies  which  apply  to  sec.  4^.437). 

(a)  Preliminary  tests.  In  the  case  where  the 
maximum  takeoff  weight  exceeds  105  percent  of 
the  maximum  landing  weight,  provisions  should 
be  available  for  jettisoning  fuel  from  the  maxi¬ 
mum  takeoff  weight  to  the  maximum  landing 
weight  at  the  corresponding  altitude  range  of 
airports  for  which  certification  is  sought.  If  the 
applicant  has  made  sufficient  jettisoning  tests 
to  prove  the  safety  of  the  jettisoning  system,  the 
tests  may  be  made  with  fuel  only.  Otherwise, 
preliminary  tests  should  be  made  with  nonin¬ 
flammable  fluid  first  and  the  results  then 
checked  using  fuel.  The  following  procedures 
and  methods  should  be  observed  for  demon- 

o  The  baelc  purpose  of  these  tests  is  to  determine  that  the  required 
amount  of  fuel  may  be  safely  Jettisoned  under  reasonably  anticipated 
operating  conditions  within  the  prescribed  time  limit  without  danger 
bum  Ore,  explosion,  or  adverse  ellects  on  the  flying  qualities. 


strating  the  operation  of  the  fuel  jettisoning 
system: 

(1)  Fire  hazard. 

(ii  Fuel  in  liquid  or  vapor  form  should 
not  impinge  upon  any  external  surface  of  the 
airplane  during  or  after  jettisoning.  Colored 
fuel,  or  surfaces  so  treated  tliat  liquid  or  vapor¬ 
ous  fuel  changes  the  appearance  of  the  airplane 
surface  may  be  used  for  detection  purposes. 
Other  equivalent  methods  for  detection  may  be 
acceptable. 

(ii)  Fuel  in  liquid  or  vapor  form  should 
not  enter  any  portion  of  the  airplane  during  or 
after  jettisoning.  The  fuel  may  be  detected  by 
its  scent,  combustible  mixture  detector  or  by 
visual  insiiection.  In  supercharged  aircraft  the 
presence  of  liquid  or  vaporous  fuel  should  be 
checked  with  the  airplane  unpressurized. 

(iii)  There  should  be  no  evidence  of  fuel 
valve  leakage  after  it  is  closed. 

(iv)  If  there  is  any  evidence  that  wing 
flap  positions,  other  tlian  that  used  or  the  test 
may  adversely  affect  the  flow  pattern,  the 
airplane  should  be  placarded  “Fuel  should  not 
be  jettisoned  except  when  flaps  are  set  at  — 

(v)  The  applicant  should  select  for  dem¬ 
onstration  the  tanks  or  tank  combinations 
which  are  critical  for  demonstrating  the  flow 
rate  during  jettisoning. 

(vi)  Fuel  jettisoning  flow  pattern  should 
be  demonstrated  from  all  normally  used  tank  or 
tank  combinations  on  both  sides  of  airplane 
whether  or  not  both  sides  are  symmetrical. 

(vii)  Fuel  jettisoning  rate  may  be  dem¬ 
onstrated  from  only  one  side  of  symmetrical 
tank  or  tank  combinations  which  are  critical 
for  flow  rate. 

(viii)  Fuel  jettisoning  rate  and  flow  pat¬ 
tern  should  be  demonstrated  when  jettisoning 
from  full  tanks  using  fuel. 

(2)  Control. 

(i)  Changes  in  the  airplane  control 
qualities  during  the  fuel  jettisoning  tests  should 
be  noted. 

(ii)  Discontinuance  ol  fuel  jettisoning 
should  be  demonstrated  in  flight. 

(3)  Besidval  fuel.  The  residual  fuel  should 
be  measured  by  draining  the  tanks  from  which 
fuel  has  been  jettisoned  in  flight,  measuring  the 
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total  drained  fuel  and  subtracting  from  the 
total  the  unusable  fuel  quantity  for  each  tank 
to  determine  if  there  is  sufficient  reserve  fuel 
after  jettisoning  to  meet  section  4b.437.  This 
may  be  a  ground  test. 

(b)  Configuration.  Fuel  jettisoning  testa 
should  be  conducted  in  the  configurations  that 
follow : 

(1)  Glide. 

Weight — maximum  takeoff. 

C.  G.  position — optional. 

Wing  flaps — ^retracted  or  in  a  position 
desired  for  approval. 

Landing  gear — retracted  or  extended  as 
desired  by  applicant. 

Engines — poweroff,  propellers  windmill¬ 
ing. 

Cowl  flaps — optional. 

Airspeed — 1.4  V,^. 

(2)  Climb. 

Weight — maximum  takeoff. 

C.  G.  position — optional. 

Wing  flaps — retracted  or  in  a  position 
desired  for  approval. 

Landing  gear — retracted  or  extended. 

Operating  engine(a) — ^maximum  contin¬ 
uous  power,  cowl  flaps  optional. 

Critical  inoperative  engine — throttle 
closed  on  engine  most  critical  for  fuel 
flow  pattern,  propeller  feathered,  cowl 
flaps  closed. 

Airspeed — one  engine  inoperative  best 
rate  of  climb  speed. 

(3)  Level  fiight. 

Weight — maximum  takeoff. 

C.  G.  position — optional. 

Wing  flaps — ^retracted  or  in  a  position 
desired  for  approval. 

Landing  gear — ^retracted  or  extended. 

Engines — power  required  for  airspeed  of 
1.4  V,^. 

Cowl  flaps — optional. 

(c)  Test  ’procedure  and  required  data.  When 
the  airplane  is  trimmed  in  the  configuration 
specified  in  items  (b)  (1)  and  (b)  (2),  the  jetti¬ 
soning  valves  should  be  opened  and  allowed  to 
remain  open  until  all  jettisoning  liquid  has  been 
disposed.  If  the  configuration  of  (b)  (3)  of 
this  section  is  critical,  tests  should  also  be 
conducted  for  this  condition.  This  procedure 


may  be  carried  out  in  segments  if  desired.  The 
following  data  should  be  recorded : 

Time  to  jettison  fuel. 

Fuel  gauge  quantity  at  reasonable  time 
intervals. 

Pressure  altitude. 

Ambient  air  temperature. 

Indicated  airspeed. 

Engines,  r.  p.  m.  and  manifold  pressure. 

Carburetor  air  temperature. 

(19  F.  R.  4464,  July  20,  1954,  effective  Sept.  1,  1954.) 

Oil  System 

4b. 440  General. 

(a)  Each  engine  shall  be  provided  with  an 
independent  ml  system  capable  of  supplying  the 
engine  with  an  appropriate  quantity  of  ml  at  a 
temperature  not  exce^ing  the  maximum  which 
has  been  established  as  safe  for  continuous 
(qieration.  (For  oil  system  instruments  see 
secs.  4b.604  and  4b.735.) 

(b)  The  oil  tank  capacity  available  for  the  use 
of  the  engine  shall  not  be  less  than  the  product 
of  the  endurance  of  the  airplane  under  critical 
operating  conditions  times  the  approved 
maximum  permissible  oil  consumption  rate  of 
the  engine  under  the  same  conditions,  plus  a 
suitable  margin  to  assure  system  circulation. 
In  lieu  of  a  rational  analysis  of  airplane  range 
for  reciprocating  engines,  a  fuel-oil  ratio  of 
30:1  by  volume  shall  be  acceptable  for  airplanes 
not  provided  with  a  reserve  or  transfer  system. 

(c)  If  either  an  oil  transfer  system  or  a 
reserve  oil  system  is  provided  for  reciprocating 
engines,  the  total  oil  capacity  need  not  exceed 
one  gallon  for  each  40  gallons  of  fuel  capacity. 

(d)  Oil-fuel  ratios  lower  than  those  pre¬ 
scribed  in  paragraphs  (b)  and  (c)  of  this  section 
shall  be  acceptable  if  substantiated  by  data  on 
die  actual  oil  consumpfion  of  the  engine. 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)J 

4b.441  Oil  tank  construction.  The  fol¬ 
lowing  requirements  shall  apply  to  the  con¬ 
struction  of  the  ml  tank: 

(a)  Oil  tank  expansion  space. 

(1)  Oil  tanks  shall  have  an  expansion  space 
of  not  less  than  rither  10  percent  of  the  tank 
capacity  or  0.5  gallon,  whichever  is  the  greater. 
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(2)  Reserve  oil  tanks  which  have  no 
direct  connection  to  any  engine  shall  have  an 
expansion  space  which  is  not  less  than  2  percent 
of  the  tank  capacity. 

(3)  It  shall  not  be  possible  to  fill  the  oil 
tank  expansion  space  inadvertently  when  the 
airplane  is  in  the  normal  ground  attitude. 

(b)  Oil  tank  filler  connection. 

(1)  Recessed  oil  tank  filler  connections 
which  retain  any  appreciable  quantity  of  oil 
shall  incorporate  a  drain,  and  the  drain  shall 
discharge  clear  of  all  portions  of  the  airplane. 

(2)  The  oil  tank  ^er  cap  shall  provide  an 
oil-tight  seal. 

(3)  Oil  tank  filler  connections  shall  be 
marked  as  prescribed  in  section  4b.738  (b). 

(c)  Oil  tank  cent. 

(1)  OU  tanks  shall  be  vented  from  the  ti^ 
portion  of  the  expansion  space  in  such  a  manner 
that  venting  of  the  tank  is  effective  under  all 
normal  flight  conditions. 

(2)  Oil  tank  vents  shall  be  arranged  so 
that  condensation  of  water  vapor  which  might 
freeze  and  obstruct  the  line  cannot  accumulate 
at  any  point  (See  also  section  4b.483  (c).) 

(d)  Oil  tank  outlet.  Provision  shall  be 
made  either  to  ^event  entrance  into  the  tank 
its^  or  into  the  tank  outlet  of  any  for^gn 
object  which  might  obstruct  the  flow  of  oil 
through  the  system.  The  ml  tank  outlet  shall 
not  be  enclos^  by  any  screen  or  guard  which 
would  reduce  the  flow  of  ml  below  a  safe  value 
at  any  operating  temperature  condition. 

(e)  Flexible  oil  tank  liners.  Flexible  oil 
tank  liners  shall  be  of  an  approved  type  or  shall 
be  shown  to  be  sidtable  for  the  particular  appli¬ 
cation. 

4b.442  Oil  tank  tests. 

(a)  Oil  tanks  shall  be  capable  of  withstand¬ 
ing  without  failure  all  vibration,  inertia,  and 
fluid  loads  to  which  they  would  be  subjected 

y  iniqieration. 

(b)  The  provisions  of  section  4b.421  shall  be 
ai^caUe  to  dl  tanks,  except  as  follows: 

(1)  The  test  ^essure  sr-Acified  in  section 
4b.421  (a)  shall  be  5  p.  s.  i. 

(2)  The  test  fluid  specified  in  section 
4b.421  (c)  shall  be  oil  at  a  temperature  of 
260*  P. 

4b.443  Oil  tank  installation.  The  oil 
tank  Installation  shaU  comply  with  the  pro¬ 


visions  of  section  4b.422,  except  that  the  loca¬ 
tion  of  an  engine  oil  tank  in  a  designated  fire 
zone  shall  be  acceptable  if  the  tank  and  its 
supports  are  of  fireproof  construction  to  the 
extent  that  damage  by  fire  to  any  nonfireproof 
parts  would  not  result  in  leakage  or  spillage 
of  oil. 

4b.444  Oil  lines  and  fittings. 

(a)  General.  The  provisions  of  section 
4b.432  shall  be  applicable  to  oil  lines. 

(b)  Lines  and  fittings  in  designated  fire 
zones.  Oil  lines  and  fittings  in  all  designated 
fire  zones  (see  sec.  4b.480)  shall  comply  with 
the  provisions  of  section  4b.483. 

(c)  Engine  breather  lines. 

.  (1)  Engine  breather  lines  shall  be  ar¬ 
ranged  so  that  condensation  of  water  vapor 
which  might  freeze  and  obstruct  the  line  cannot 
accumulate  at  any  point. 

(2)  Breathers  shall  discharge  in  a  location 
which  will  not  constitute  a  fire  hazard  in  case 
foaming  occurs  and  in  a  manner  so  that  the 
emitted  oil  will  not  iminnge  upon  the  did 
windshield. 

(3)  The  breather  shall  not  discharge  into 
the  engine  air  induction  system.  (See  also 
sec.  4b.483  (c).) 

4b.44S  Oil  valves. 

(a)  The  requirements  of  section  4b.482  for 
shutoff  means  shaU  be  complied  with.  Clos¬ 
ing  of  oil  shutoff  means  shall  not  prevent 
feathering  the  propeller. 

(b)  All  oil  valves  shall  be  provided  with 
positive  stops  or  suitable  index  provisions  in 
the  “on”  and  “olT'  positions,  and  they  shall 
be  suiqported  so  that  loads  resulting  from  their 
operation  or  from  accelerated  flight  conditions 
are  not  transmitted  to  the  lines  attached  to  the 
valve. 

4b.446  Oil  radiators. 

(a)  Oil  radiators  shall  be  capable  of  with¬ 
standing  without  failure  all  vibration,  inertia, 
and  oil  pressure  loads  to  which  they  would  be 
subjected  in  operation. 

(b)  Oil  radiator  air  ducts  shall  be  located  so 
that,  in  case  of  fire,  flames  issuing  from  normal 
openings  of  the  engine  nacelle  cannot  impinge 
directly  upon  the  radiator. 

[4b.447  Oil  filters.  If  the  power  plant 
installation  incorporates  an  oil  filter  (stritiner), 
the  filter  shaU  be  constructed  and  instaUed  so 
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tint  will  condnue  to  flow  at  the  normal  rate 
through  the  remainder  of  the  system  when  the 
flow  oi  oU  through  the  filter  element  is  com¬ 
pletely  blocked.] 

[(Amendment  4b-12,  published  27  P.  R.  2986, 
Mar.  SO,  1962,  effectiTe  May  3,  1962.)] 

4b.448  OU  aygtem  draina.  Accesable 
drains  shall  be  provided  to  permit  safe  drainage 
of  the  entire  system  and  shall  incorporate 
means  for  the  positive  locking  of  the  drain  in  the 
closed  position,  either  manoally  or  antomati- 
cally.  (See  also  sec.  4b.483  (c).) 

4b.449  Propeller  feathering  ayatem. 

(a)  If  the  propeller  feathering  system  is  de¬ 
pendent  upon  the  use  of  the  engine  oil  snpidy, 
provision  shall  be  made  to  trap  a  quantity  of 
(dl  in  the  tank  in  case  the  supply  becomes  de- 
ideted  doe  to  failure  of  any  portion  of  the 
lubricating  system  other  than  the  tank  itself. 

(b)  The  quantity  of  trapped  oil  shall  be 
sufficient  to  accomplish  the  feathering  operation 
and  shall  be  available  only  to  the  feathering 
pump. 

(c)  The  ability  of  the  system  to  accomplish 
feathering  with  the  trapped  snpidy  of  oil  shall 
be  demonstrated.  It  shaU  be  acceptable  to 
make  this  demonstration  on  the  ground. 

4b.449-l  Procedure  for  demonstrating  pro¬ 
peller  feathering  (FAA  policies  which  apply  to 
sec.  4h.449).  Tests  should  be  conducted  to 
demonstrate  that  the  oil  reserve  for  propeller 
feathering  is  adequate  to  accomplish  the  feather¬ 
ing  procedure.  This  may  be  done  on  the  ground 
by  using  an  auxiliary  source  of  oil  for  lubricating 
the  engine  during  its  operation. 

(19  F.  R.  4464,  July  20,  1954,  eflfective  Sept.  1,  1954.) 

Cooling  System 

[4b.450  General.  The  powerplant  cooling 
provisions  shaU  be  capable  of  maintaining  the 
temperatures  of  power|dant  components  and 
engine  fluids  within  the  temperature  finuts 
established  for  such  components  and  fluids, 
under  all  surface  (ground  or  water)  and  flight 
operating  conditions.  (For  cooling  systems 
instruments  see  secs.  4b.604  and  4b.734.)] 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  80, 1962,  effectiTe  May  3,  1962.)] 

[4b.451  Cooling  teata. 

[(a)  General.  Compliance  with  the  provi¬ 


sions  of  section  4b.450  shall  be  demonstrated 
by  test  under  critical  surface  (ground  or  water) 
and  flight  operating  conditions.  If  the  tests  are 
conducted  under  conditions  which  deviate  from 
the  maximum  ambient  atmospheric  temperature 
(see  paragraph  (b)  of  this  section),  the  recorded 
powerplant  temperatures  shall  be  corrected  in 
accordance  with  the  provisions  of  paragraph  (c) 
and  (d)  of  this  section.  The  corrected  tempera¬ 
tures  determined  in  this  manner  shall  not 
exceed  the  established  limits.  In  the  case  of 
reciprocating  engines,  the  fuel  used  during  the 
cooling  tests  shall  be  of  the  minimum  grade 
approved  for  the  engines  involved,  and  the 
texture  settings  shall  be  those  normally  used 
in  the  flight  stages  for  which  the  cooling  tests 
are  conducted.  The  test  procedures  shall  be 
as  outlined  in  sections  4b.452  and  4b.454. 

[(b)  Maximum  ambient  atmoapheric 
temperature.  A  maximum  ambient  atmos¬ 
pheric  temperature  corresponding  with  sea  level 
conditions  shall  be  established  by  the  applicant 
as  a  limitation  on  the  operation  of  the  airplane 
(see  sec.  4b.718).  The  temperature  lapse  rate 
shall  be  3.6*^  F.  per  thousand  feet  of  altitude 
above  sea  level  until  a  temperature  of  — 69.7°  F. 
is  reached  above  which  altitude  the  temperature 
shaU  be  constant  at  — 69.7°  F. 

[(c)  Correction  factor.  Temperatures  of 
aU  powerplant  components  and  engine  fluids, 
except  c^inder  barrels,  for  which  temperature 
Umits  have  been  estabUshed,  shall  be  corrected 
by  adding  the  difference  between  the  maximum 
ambient  atmospheric  temperature  and  the 
temperature  of  the  ambient  air  at  the  time  of  the 
first  occurrence  of  the  maximum  component  or 
fluid  temperature  recorded  during  the  cooUng 
test,  unless  a  more  rational  correction  is  shown 
to  be  appUcable. 

[(d)  Correction  factor  for  cylinder  barrel 
temperaturea.  CyUnder  barrel  temperatures 
shall  be  corrected  by  adding  0.7  of  the  difference 
between  the  maximum  ambient  atmospheric 
temperature  and  the  temperature  of  the  am¬ 
bient  air  at  the  time  of  the  first  occurrence  of  the 
maximum  cylinder  barrel  temperature  recorded 
during  the  cooUng  test,  unless  a  more  rational 
correction  is  shown  to  be  applicable.] 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 


140 


CAM  4b 


AIRPLANE  airworthiness;  TRANSPORT  CATEGORIES 


4b.461 


[4b.4n  Cooling  teat  proeedwrea. 

[(a)  General.  Comj^ianee  with  the  provi* 
rioBB  at  section  4b.450  shall  be  established  for 
the  takeoff,  cttmb,  en  route,  and  landing  stages 
of  flight  which  correqmnd  with  the  applicable 
poformance  regulations.  The  cooling  tests 
shall  be  conducted  with  the  airplane  in  the 
conflgnration  and  operating  under  the  condi* 
tions  which  are  eritiad  relative  to  cooling  during 
each  stage  of  flight. 

C(b)  Temperature  atabUization.  For  all 
stages  of  flight,  temperatures  shall  be  stabi* 
Used  under  conditions  from  which  entry  is  made 
into  the  stage  of  flight  for  which  a  test  is  con¬ 
ducted,  except  when  the  entry  condition 
normally  is  not  one  during  which  component 
and  en^e  fluid  temperatures  would  stabilise. 
In  such  case,  operation  through  the  full  entry 
condition  dull  conducted  prior  to  entry  into 
the  stage  of  flight  for  which  the  test  is  conducted 
in  order  to  allow  temperatures  to  attain  their 
natural  level  at  the  time  of  entry.  In  particular, 
the  takeoff  cooling  test  shall  be  preceded  by  a 
p«iod  during  which  the  powerplanf  component 
and  engine  fluid  temperatures  are  stalnUsed 
with  the  engines  at  ground  idle.  A  temperature 
dun  be  couddm'cd  stabilised  when  its  rate  of 
change  is  less  than  2  degrees  F.  per  minute. 

C(c)  Duration  of  teat.  Cooling  test  sfor 
each  stage  of  flight  shall  be  continued  until  one 
of  the  foitowing  conditions  Is  fnlflUed: 

[(1)  Component  and  engine  fluid  tempera¬ 
tures  staUflse; 

[(2)  The  stage  of  flight  is  completed;  or 

[(3)  An  operating  limitation  is  reached. 

[NOTE:  In  the  esse  of  reciprocstins  engines.  It  may 
be  assnmed  for  cooling  test  purposes  thst  the  takeoff 
stage  of  flight  is  eomplete  when  the  airpisne  has 
attained  an  altitude  of  1,500  feet  above  the  takeoff 
surface  or  a  point  in  the  takeoff  where  the  trsndtion 
from  the  takeoff  to  the  en  route  configuration  is  com¬ 
pleted  and  a  speed  is  reached  at  which  compliance  with 
section  4b.l20(c)  is  shown,  whichever  point  is  at  a 
higher  altitude.] 

[(Amendment  40-12,  published  27  F.  R.  2986, 
Mar.  30, 1962,  effective  May  3, 1962.)] 

4b.454  Cooling  teat  procedure  for  dying 
boat  operation.  In  the  esse  of  flying  boats, 
cooling  shall  be  demonstrated  during  taxiing 
downwind  for  IJ  minutes  at  5  mph  above  the 
step  speed. 


Induction  and  Exhaust  Systems 

4b.460  General. 

(a)  The  engine  air  induction  system  shall 
permit  snpfdying  the  proper  quantity  of  air  to 
the  engine  under  all  conditions  of  operation. 

(b)  The  induction  system  shall  provide  air 
for  proper  fuel  metering  and  mixture  distribu¬ 
tion  with  the  induction  system  valves  in  any 
position. 

(c)  Each  reciprocating  engine  shall  be 
provided  with  an  alternate  air  source. 

(d)  Air  intakes  shall  not  open  within  the 
cowling,  unless  that  portion  of  the  cowling  is 
isolated  from  the  en^e  accessory  section  by 
means  of  a  fireproof  diaphragm,  or  unless 
provision  is  made  to  prevent  the  emergence  of 
backfire  flames. 

(e)  Alternate  air  intakes  shall  be  so  located 
as  to  lueclnde  the  entrance  of  rain,  ice,  or  any 
other  foreign  matter. 

(f)  For  tnrbine-engine-powered  airirianes, 
provisions  shall  be  made  to  prevent  hazardous 
quantities  of  fuel  leakage  or  overflow  from 
drains,  vents,  or  other  components  of  flammable 
fluid  systems  to  enter  the  engine  intake  system. 

(g)  For  turbine  engines,  the  air  inlet  ducts 
shall  be  so  located  or  protected  as  to  minimize 
the  ingestion  of  foreign  matter  during  takeoff, 
landing,  or  taxiing. 

4b.461  Induction  ayatem  deicing  and 
anti-icing  proviaiona. 

(a)  General.^  -The  engine  air  induc¬ 
tion  system  shall  incorporate  means  for  the 
prevention  and  elimination  of  ice  accumulations. 

(b)  Heat  Riae.  Unless  it  is  demonstrated 
that  other  means  will  accomplish  the  intent  of 
paragraph  (a)  of  this  section,  compliance  with 
the  foUowing  heat-rise  provisions  shall  be 
demonstrated  in  air  free  of  visible  moisture  at 
a  temperature  of  30°  F. 

(1)  Airplanes  equipped  with  altitude  en¬ 
gines  employing  conventional  venturi  carburet¬ 
ors  shall  have  a  iweheater  capable  of  providing 
a  heat  rise  of  120°  F.  when  the  engine  is 
operating  at  60  percent  of  its  maximum  con¬ 
tinuous  power. 

(2)  Airplanes  equipped  with  altitude  en¬ 
gines  employing  carburetors  which  embody 
features  tending  to  reduce  the  possibility  of 
ice  formation  shall  have  a  preheater  capable  of 
providing  a  heat  rise  of  100°  F.  when  the 
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engine  Is  operating  at  60  percent  of  its  maxi- 
mnm  continnous  power. 

(c)  Turbine  powerplants.  Turbine-pow¬ 
ered  airplanes  shall  be  capable  of  operation 
throi^liout  the  flight  power  range  without  accu¬ 
mulation  of  ice  in  the  air  induction  system  such 
as  to  adversely  affect  engine  operation  or  cause 
a  serious  loss  of  power  and/or  thrust  in  the 
continuous  maximum  and  intermittent  maxi¬ 
mum  icing  conditions  as  defined  in  section 
4b.l  (b)  (7)  and  (8).  Means  to  indicate  the 
functioning  of  the  powerplant  ice  protection 
system  shall  be  provided. 

4b.461-l  Procedure  for  demonstrating  carbu¬ 
retor  air  heat  rise  {FAA  policies  which  apply  to 
see.  4b.4dJ  (b)). 

(a)  Conditions  for  tests.  The  carburetor  air 
temperature  should  be  measured  by  a  minimum 
of  three  thermocouples  so  arranged  as  to  give 
an  average  air  temperature.  This  indicator 
should  be  calibrated  prior  to  the  test.  The 
tests  should  be  conducted  at  an  altitude  where 
the  free  air  temperature  is  30°  F.  or  at  two 
altitudes  of  different  temperatures,  one  of 
which  is  near  30°  F. 

(b)  Configuration.  This  test  should  be  con¬ 
ducted  in  the  configuration  that  follows: 

Weight — optional. 

C.  G.  position — optional. 

Wing  flaps — optional. 

Landing  gear — optional. 

Engines — 60  percent  maximum  continuous 
power. 

Cowl  flaps — appropriate  for  flight  condi¬ 
tion. 

Mixture  setting — normal  cruising  position. 

(c)  Test  procedure  and  required  data. 

(1)  After  all  temperatures  have  stabilized 
(i.  e.,  when  the  rate  of  temperature  change  is 
less  than  2°  F.  per  minute)  and  with  the  air¬ 
plane  in  level  flight  and  full  cold  carburetor  at 
60  percent  maximum  continuous  power,  the 
following  data  should  be  recorded: 

Pressure  altitude. 

Ambient  air  temperature. 

Indicated  airspeed. 

Carburetor  air  temperature. 

Engines,  r.  p.  m.  and  manifold  pressure. 
Torque  pressure. 

Mixture  setting. 

Cowl  flap  setting. 


(2)  Preluai  should  then  be  applied  slowly 
(power  may  be  restored  to  60  percent  maximum 
continuous  at  the  applicant’s  option)  and  the 
above  data  recorded  again  after  the  carbu¬ 
retor  air  temperature  has  stabilized.  The  car¬ 
buretor  heat  rise  should  be  determined  from 
the  results  of  the  data. 

19  F.  R.  4465,  July  20,  1954,  effective  Sept.  1,  1954; 
amended  22  F.  R.  6963,  Au^.  29, 1957,  effective  Sept.  15, 
1957.) 

4b.462  Carburetor  air  preheater  design. 
Carburetor  air  preheaters  shall  incorporate  the 
following  provisions: 

(a)  Means  shall  be  provided  to  assure  venti¬ 
lation  of  the  preheater  when  the  engine  is  being 
operated  with  cold  air. 

(b)  The  preheater  shall  be  constructed  to 
permit  inspection  of  exhaust  manifold  parts 
which  it  surrounds  and  also  to  permit  inspec¬ 
tion  of  critical  portions  of  the  preheater  itself. 

4b.463  Induction  system  duets.  Induc¬ 
tion  system  ducts  shall  incorporate  the  following 
provisions: 

(a)  Induction  system  ducts  ahead  of  the  first 
stage  of  the  supercharger  shall  be  provided  with 
drains  to  ^event  hazardous  accumulations  of 
fuel  and  moisture  in  the  ground  attitude.  The 
drains  shall  not  discharge  in  locations  which 
might  cause  a  fire  hazard. 

(b)  SuflBcient  strength  shall  be  incorporated 
in  the  ducts  to  prevent  induction  system  failures 
resulting  from  normal  backfire  conditions. 

(c)  Ducts  which  are  connected  to  components 
of  the  aiririane  between  which  relative  motion 
could  exist  shall  incoporate  provisions  for  flex¬ 
ibility. 

(d)  Induction  system  ducts  within  any  fire 
zone  for  which  a  fire-extingnishing  system  is 
required  shall  be  of  fire-redstant  construction. 

4b.464  Induction  system  screens.  If  in¬ 
duction  system  screens  are  employed,  they 
shall  comply  with  the  following  provisions: 

(a)  Screens  shall  be  located  upstream  from 
the  carburetor. 

(b)  Screens  shall  not  be  located  in  portions 
of  the  induction  system  which  constitute  the 
only  passage  throi^h  which  air  can  reach  the 
engine,  unless  the  screen  is  so  located  that  it 
can  be  deiced  by  heated  air. 

(c)  Deicing  of  induction  system  screens  by 
means  of  alcohol  alone  shall  not  be  acceptable. 
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<d)  It  shall  not  be  poraible  for  fuel  to  im¬ 
pinge  upon  the  screens. 

4b.4M  lnter~eoolera  and  after-coolera. 
Ittter-eoolers  and  after-coolers  shall  be  capable 
of  withstanding  withont  failure  all  vibration, 
inertia,  and  air  pressure  loads  to  which  they 
would  be  subjected  in  operation. 

4b.467  Exhauat  ayatem  and  inatallation 
eomponenta. 

(a)  General. 

(1)  The  exhaust  system  shall  be  con¬ 
structed  and  arranged  to  assure  the  safe  dis¬ 
posal  of  exhaust  gases  without  the  existence  of 
a  fire  haxard  or  carbon  monoxide  contamination 
of  air  in  personnel  compartments. 

(2)  Unless  appropriate  precautions  are 
taken,  exhaust  system  parts  shall  not  be  located 
in  haxardons  proximity  to  portions  of  any  sys¬ 
tem  carrying  flammable  fluids  or  vapors  nor 
shall  they  be  located  under  portions  of  such 
systems  where  the  latter  could  be  subject  to 
leakage. 

(3)  All  airplane  components  upon  which 
hot  exhaust  gases  might  impinge,  or  which 
could  be  subjected  to  high  temperatures  due  to 
proximity  to  exhaust  system  parts,  shall  be 
constructed  of  fireproof  materiid.  All  exhaust 
system  components  shall  be  separated  by  means 
cf  fireproof  shields  fk'om  adjacent  portions  of 
the  airplane  which  are  outside  the  engine 
compartment 

(4)  Exhaust  gases  shall  not  discharge  in  a 
manner  to  cause  a  fire  hazard  with  respect  to 
any  flammable  fluid  vent  or  drain. 

(5)  Exhaust  gases  shall  not  discharge  at  a 
location  which  will  cause  a  glare  seriously 
affecting  pilot  visibility  at  night. 

(6)  All  exhaust  system  components  shall 
be  ventilated  to  prevent  the  existence  of  points 
of  excessively  high  temperature. 

(7)  Exhaust  shrouds  shall  be  ventilated  or 
insulated  to  avmd  during  normal  operation  a 
temperature  sufficiently  high  to  ignite  any 
flammable  fluids  or  vapors  external  to  the 
shrouds. 

(b)  Exhauat  piping. 

(1)  Exhaust  pipuig  shall  be  constructed  of 
material  resistant  to  heat  and  cmrosion,  and 
shall  incorporate  provisions  to  prevent  failure 
due  to  expansion  when  heated  to  operating 
temperatures. 


(2)  Exhaust  pipe  shall  be  supported  to 
withstand  all  vibration  and  inertia  loads  to 
which  they  would  be  subjected  in  operation. 

(3)  Pmtions  of  the  exhaust  iM]Hng  which 
are  connected  to  components  between  which 
relative  motion  could  exist  shall  incorporate 
provisions  for  flexilnlity. 

(c)  Exhauat  heat  exehangera. 

(1)  Exhaust  heat  exchangers  shall  be  con¬ 
structed  and  Installed  to  assure  their  ability  to 
withstand  without  failure  all  vibration,  inerfla, 
and  other  loads  to  which  they  would  be  sub¬ 
jected  in  operation. 

(2)  Heat  exchangers  shall  be  constructed  of 
materials  which  are  suitable  for  continued 
operation  at  high  temperatures  and  which  are 
resistant  to  corrosion  due  to  elements  con¬ 
tained  in  exhaust  gases. 

(3)  Provision  shall  be  made  for  the  inspec¬ 
tion  of  ail  critical  portions  of  exhaust  heat 
exchangers. 

(4)  Heat  exchangers  shall  incorporate  cool¬ 
ing  provisions  wherever  they  are  subject  to 
contact  with  exhaust  gases. 

(5)  Heat  exchangers  or  muffs  shall  incor¬ 
porate  no  stagnant  areas  or  liquid  traps  which 
would  increase  the  possibility  of  ignition  of 
flammable  fluids  or  vapors  which  might  be 
present  in  case  of  failure  or  malfunctioning  of 
components  carrying  flammable  fluids. 

(d)  Exhauat  heating  of  ventilating  air. 
If  an  exhaust  heat  exchanger  is  used  for  heating 
venfllating  air,  a  secondary  heat  exchanger 
shall  be  provided  between  the  primary  exhaust 
gas  heat  exchanger  and  the  ventilating  air 
system,  unless  it  is  demonstrated  that  other 
means  used  preclude  harmful  contamination 
of  the  ventilating  air. 

(e)  Exhauat  driven  turbo-auperchargera. 

(1)  Exhaust  driven  turbines  shaU  be  of  an 
approved  type  or  shall  be  shown  to  be  suitable 
for  tbe  particular  appUcation.  They  shall  be 
installed  and  supported  to  assure  tbeir  safe 
operation  between  normal  inspection  and  over¬ 
haul  periods. 

(2)  Provision  for  expansion  and  flexi^^ti.  ' 
sball  be  made  between  exhaust  conduits 

the  turbine. 

(3)  Provision  shall  be  made  for  lubrication 
of  the  turbine  and  for  cooling  of  those  turbine 
parts  uiiere  the  temperatures  are  critical. 
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(4)  Meaiis  shall  be  provided  so  that,  in 
the  event  malfiinctioninc  of  the  normal 
torbo-sapercharger  control  system,  the  turbine 
speed  will  not  be  greater  than  its  maximum 
allowahle  value.  The  components  provided  for 
this  purpose  shall  be  independent  of  the  normal 
turbo-supercharger  contrds  with  the  exception 
of  the  waste  gate  operating  components  them- 
sdves. 

4b.467-l  Carbon  monoxide  detection  {FAA 
policies  which  apply  to  sec.  J^b.J^7  (a)  (/)  and 
id)). 

(a)  Conditions  for  tests.  Any  acceptable  car¬ 
bon  monoxide  detection  method  may  be  used 
in  demonstrating  compliance  with  section 
4b.467  (a)  (1)  and  (d),  and  with  the  ventilating 
requirements  of  section  4h.371.  The  tests 
should  be  conducted  vrith  the  airplane’s  heater 
system  in  operation  if  there  is  any  possibility  of 
a  system  containing  carbon  monoxide.  In  air¬ 
craft  employing  thermal  deicing,  tests  should 
be  conducted  with  the  system  operating  at  full 
capacity. 

(b)  Configuration.  Carbon  monoxide  tests 
should  be  conducted  in  the  configurations  that 
follow: 

(1)  Power-on  level  flight. 

Weight — optional. 

C.  G.  position — optional. 

Wing  flaps — retracted. 

Landing  gear — ^retracted. 

Engines — maximum  continuous  power. 

Cowl  flaps — appropriate  for  flight  con¬ 
dition. 

(2)  Power-off  glide. 

Wing  flaps — ^retracted. 

Landing  gear — ^retracted. 

Engines — idling. 

Cowl  flaps — appropriate  for  flight  con¬ 
dition. 

(3)  Power  approach. 

Wing  flaps — approach  position. 

Landing  gear — extended. 

Engines — power  for  level  flight. 

Cowl  flaps — appropriate  for  flight  con¬ 
dition. 

Airspeed — any  speed  from  1.4  F«,  to 

1.6  F»,. 

(c)  Test  procedure  and  required  data.  The  air 
should  be  sampled  with  a  carbon  monoxide 
indicator  in  front  of  cabin  heater  opening(s) 


with  heat  on  and  at  representative  passenger 
and  crew  locations.  If  the  airplane  does  not 
have  pressurization  equipment  installed,  the 
air  should  be  sampled  at  the  above  locations 
with  the  windows  closed  and  also  partially 
opened.  If  the  airplane  is  equipped  for  pres¬ 
surization,  carbon  monoxide  indications  should 
be  taken  when  the  cabin  is  pressurized  and  also 
unpressurized. 

fl9  F.  R.  4465,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.467-2  Determination  of  exhaust  gas  inter¬ 
ference  with  visibility  (FAA  policies  which  apply 
to  sec.  4b.^67  (a)  (6)).  The  effects  of  exhaust 
gas  interference  with  visibility  should  be 
observed  during  tests  to  demonstrate  other 
night  flying  requirements. 

(19  F.  R.  4466,  July  20,  1954,  effective  Sept.  1,  1954.) 

Powerplant  Controls  and  Accessories 

4b.470  Powerplant  controls;  general. 

The  provisions  of  section  4b.353  shall  be 
applicable  to  all  powerplant  controls  with 
respect  to  location,  grouping,  and  direction  of 
motion,  and  the  provisions  of  section  4b.737 
shall  be  applicable  to  all  powerplant  controls 
with  respect  to  marking.  In  addition  all  power- 
plant  controls  shaU  comply  with  the  foUovring: 

(a)  Controls  shall  be  so  located  that  they 
cannot  be  inadvertently  operated  by  personnel 
entering,  leaving,  or  making  normal  move¬ 
ments  in  the  cockpit. 

(b)  Controls  shall  maintain  any  set  position 
without  constant  attention  by  flight  personnel. 
They  shall  not  tend  to  creep  dne  to  control 
loads  or  vibration. 

(c)  Flexible  controls  shall  be  of  an  approved 
type  or  shall  be  shown  to  be  suitable  for  the 
particular  application. 

(d)  Controls  shall  have  strength  and  rigidity 
to  withstand  operating  loads  without  failure 
and  without  excessive  deflection. 

4b.471  Throttle  and  A.  D.  /.  system 
controls. 

(a)  A  separate  throttle  control  shall  be  pro¬ 
vided  for  each  engine.  Throttle  controls  shall 
be  grouped  and  arranged  to  permit  separate 
control  of  each  engine  and  also  simultaneous 
control  of  all  engines. 
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(b)  Throttle  controls  shall  afford  a  positive 
and  immediately  responsive  means  of  con* 
trolling  the  engines. 

(c)  If  an  antidetonant  injection  system  is 
IHTOvided,  the  flow  of  ADI  fluid  shall  be  auto* 
matically  controlled  in  relation  to  the  amount 
of  power  produced  by  the  engine.  In  addition 
to  the  antonutic  control,  a  separate  control 
shall  be  provided  for  the  ADI  pumps. 

4b.472  Ignition  $u)itehen. 

(a)  Ignition  switches  shall  provide  control 
for  each  ignition  circuit  on  each  engine. 

(b)  Means  shall  be  provided  for  quickly 
shutting  off  all  ignition  by  the  grouping  of 
switches  or  by  providing  a  master  ignition 
control. 

(c)  If  a  master  ignition  control  is  provided, 
a  guard  shall  be  incorporated  to  prevent 
inadvertent  operation  of  the  control. 

4b.473  Mixture  controls. 

(a)  If  mixture  controls  are  provided,  a  sepa* 
rate  control  shall  be  provided  for  each  engine. 
The  mixture  controls  shall  be  grouped  and 
arranged  to  permit  separate  control  of  each 
en^e  and  also  simultaneous  control  of  all 
engines. 

(b)  Any  intermediate  position  of  the  mixture 
control  which  corresponds  with  a  normal  oper* 
ating  setting  shall  be  provided  with  a  sensory 
and  a  visual  identification. 

(c)  The  mixture  controls  shall  be  placed  in  a 
location  accessible  to  both  pilots,  except  where 
a  separate  flight  engineer  station  with  a  control 
panel  is  provided,  in  which  case  the  mixture 
controls  shall  be  accessible  to  the  flight 
engineer. 

4b.474  Propeller  controls. 

(a)  Propeller  speed  and  pitch  controls. 

(1)  A  separate  propeller  speed  and  pitch 
conti-ol  shall  be  provided  for  each  propeller. 
The  propeller  spe^  and  pitch  controls  shall  be 
grouped  and  arranged  to  permit  separate  con¬ 
trol  of  each  propeller  and  also  simultaneous 
control  of  idl  propellers. 

(2)  The  propdler  speed  and  pitch  controls 
shall  provide  for  synchronization  of  all  propel¬ 
lers.  (See  also  sec.  4b.404.) 

(3)  Pri^Uer  speed  and  pitch  control(s) 
shall  be  placed  to  the  right  of  the  pilot’s 
throttle  and  shall  be  at  least  1  inch  lower  than 
the  throttle  controls. 


(b)  Propeller  feathering  controls. 

(1)  A  separate  propeller  feathering  control 
shall  be  provided  for  each  propeller. 

(2)  Propeller  feathering  controls  shall  be 
provided  with  means  to  prevent  inadvertent 
operation. 

(3)  If  feathering  is  accomplished  by  move¬ 
ment  of  the  propeller  pitch  or  speed  control 
lever,  provision  shall  be  made  to  prevent  the 
movement  of  this  control  to  the  feaUiering  posi¬ 
tion  during  normal  operation. 

4b.474-l  Propeller  feathering  pump  motors, 
intermittent  duty  type  (,FAA  polkies  which  apply 
to  sec.  lib. Iff  Jt  (b)). 

(a)  An  intermittent  duty  type  motor  in 
the  propeller  feathering  control  system  should 
automatically  stop  or  be  made  to  stop  upon 
the  completion  of  the  feathering  operation  by 
any  of  the  following  means; 

(1)  Installation  of  a  pressure  cutout  switch 
in  the  feathering  button  holding  coil  circuit. 

(2)  Installation  of  a  timer  switch  in  the 
feathering  button  holding  coil  circuit. 

(3)  Manually  interrupting  the  feathering 
pump  circuit  by  pulling  out  the  feathering 
button.  In  this  arrangement,  a  warning  light 
should  be  installed  in  the  pump  circuit  to  il¬ 
luminate  while  the  pump  motor  is  operating. 
The  light  may  be  either  in  the  feathering  button 
or  adjacent  to  it. 

(b)  Timer  switches  of  either  the  mechanical 
or  the  thermal  types  are  acceptable. 

(22  F.  R.  6885,  Aug.  27,  1957,  effective  Sept.  15,  1957.) 

4b.474a  Reverse  thrust  controls. 

(a)  Propeller  reverse  thrust  controls  shall 
incorporate  a  means  to  prevent  their  inadvertent 
movement  to  a  reverse  thrust  position.  The 
means  provided  shall  incorporate  a  positive 
lock  or  stop  at  the  flight  idle  position  and  shall 
require  a  separate  and  distinct  operation  by  the 
crew  in  order  to  displace  the  control  from  the 
flight  regime. 

(b)  Turbojet  reverse  thrust  controls  shall 
incorporate  a  means  to  prevent  their  inadvertent 
movement  to  a  reverse  thrust  position.  The 
means  provided  shall  incorporate  a  positive  lock 
or  stop  at  the  flight  idle  position  and  shall 
require  a  separate  and  distinct  operation  by  the 

n  Intermittent  duty  type  motors  may  fall  If  operated  oontlnuoiisly  for 
more  than  two  minutes. 
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crew  bi  order  to  dUq^ce  the  control  from  the 
forward  thrust  regime. 

4b.47S  fuel  $if»tem  controle.  (See  also 
sec.  4b.434.) 

(a)  Fuel  Jettisoning  system  controls  shall  be 
prorided  with  guards  to  prevent  their  inad¬ 
vertent  operation. 

(b)  Fad  jettisoning  system  controls  shall  not 
be  loeated  in  close  proximity  to  fire  extinguisher 
controls  nor  to  any  other  controls  intended  to 
combat  fibre. 

4b.476  Carburetor  air  preheat  eontrole. 
Separate  carburetor  air  preheat  controls  shall 
be  provided  to  regulate  tiie  temperature  of  the 
carburetor  air  for  each  engine. 

4b.476a  Supercharger  eontrole.  Super¬ 
charger  controls  shall  be  accessible  to  the  idiots, 
except  where  a  separate  flight  engineer  station 
with  a  control  pand  Is  provided,  in  which  case 
they  shall  be  accessible  to  the  flight  engineer. 

4b.477  Powerplant  acceeeoriee. 

(a)  Engine  mounted  accessories  shall  be  of 
a  type  approved  for  installation  on  the  engine 
invdved,  and  shall  utilize  the  provisions  made 
on  the  engine  fiMr  mounting. 

(b)  Items  of  dectiical  equipment  subject  to 
ardng  or  sparking  shall  be  installed  to  minimize 
the  possibility  of  thdr  contact  with  any  flam¬ 
mable  fluids  or  vapors  which  might  be  present 
in  a  free  state. 

(c)  If  continued  rotation  of  an  engine-driven 
cabin  supercharger  or  any  remote  accessory 
driven  by  the  engine  will  constitute  a  hazard  In 
case  malfunctioning  occurs,  means  shall  be 
provided  to  prevent  hazardous  rotation  of  such 
accessory  without  interfering  with  the  continued 
(qim’ation  of  the  engine.  (See  also  sec.  4b.371 
(c).) 

Notb:  Hazardous  rotation  may  involve  considera¬ 
tion  of  mecbanicai  damage  or  sustained  air  flows  wMch 
may  be  dangerous  under  certain  conditions. 

4b.478  Engine  ignition  egeteme, 

(a)  Battery  ignition  systems  shall  be  sup- 
cemented  with  r  generator  which  is  auto* 
matically  made  available  as  an  alternate  source 
ei  electrical  energy  to  permit  continued  engine 
toleration  in  the  event  of  the  depletion  of  any 
battery. 

(b)  The  capacity  of  batteries  and  generattws 
shall  be  sufficient  to  meet  the  simultaneous 


demands  of  the  engine  ignition  system  and  the 
greatest  demands  of  any  airplane  electrical 
system  components  which  would  draw  electrical 
energy  from  the  same  source. 

(1)  The  design  of  the  engine  ignition  sys¬ 
tem  shall  take  into  consideration  the  condition 
of  an  inoperative  generator  and  the  condition 
of  a  completely  depleted  battery  when  the  gen¬ 
erator  is  running  at  its  normal  operating  speed. 

(2)  If  only  one  battery  is  provided  the 
design  of  the  engine  ignition  system  shall  take 
into  consideration  the  condition  in  which  the 
battery  is  completely  depleted  and  the  generator 
is  operating  at  idling  speed. 

(3)  Portions  of  magneto  ground  wires  for 
separate  ignition  circuits  which  lie  on  the 
engine  side  of  the  fire  wall  shall  be  installed, 
located,  or  protected  so  as  to  minimize  the 
piMsibility  of  simultaneous  failure  of  two  or 
more  wires  as  a  result  of  mechanical  damage, 
electrical  faults,  etc. 

(4)  Ground  wires  for  any  engine  shall  not 
be  routed  through  fire  zones,  except  those  asso¬ 
ciated  with  the  engine  which  the  wires  serve, 
unless  those  portions  of  the  wires  which  are 
located  in  such  fire  zones  are  fireproof  or  are 
protected  against  the  possibility  of  damage  by 
fire  in  a  manner  to  render  them  fllreproof.  (See 
sec.  4b.472  for  ignition  switches.) 

(5)  Ignition  drcuits  shall  be  electrically 
independent  of  all  other  electrical  drcuits  ex¬ 
cept  circuits  used  for  analyzing  the  operation  of 
the  ignition  system. 

(c)  Means  shall  be  provided  to  warn  flight 
personnel  if  malfunctioning  of  any  part  of  the 
electrical  system  is  causing  the  continuous  dis¬ 
charging  of  a  battery  which  is  necessary  for 
engine  ignition.  (See  sec.  4b.472  for  ignition 
switches.) 

Powerplant  Fire  Protection 

4b.480  Designated  fire  zones. 

(a)  Designated  fire  zones  shall  comprise  the 
following  regions: 

(1)  Engine  power  section, 

(2)  Engine  accessory  section, 

(3)  Complete  powerplant  compartments  in 
which  no  isolation  is  provided  between  the 
engine  power  section  and  the  engine  accessory 
section, 

(4)  Auxiliary  power  unit  compartments. 
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(5)  Fvel-buniiiig  heaters  and  other  cotn- 
boation  equipment  installations  as  defined  by 
seetioa  4b.386. 

(6)  Compressor  and  accessory  sections  of 
turbine  engines. 

(7)  Combustor,  turbine,  and  tailpipe  sec¬ 
tions  of  turbine  engine  installations  which  con¬ 
tain  lines  or  components  carrying  flammable 
fluids  or  gases,  except  that  the  fire  extinguisher 
system  specified  in  section  4b.484  need  not  be 
provided  for  such  sections  if  it  is  demonstrated 
that  any  fire  occurring  therein  can  be  otherwise 
controlled. 

Notb:  See  also  section  4b.3SS. 

(b)  Designated  fire  zones  shall  be  protected 
from  fire  by  compliance  with  sections  4b.481 
through  4b.490. 

(c)  The  nacelle  area  immediately  behind  the 
fire  wall  shall  comply  with  the  provisions  of  sec¬ 
tions  4b.385,  4b.463  (d).  4b.478  (b)(4),  4b.481 
(e),  4b.482  through  4b.485,  and  4b.489.  If  a  re¬ 
tractable  landing  gear  is  located  in  this  area, 
comtdiance  with  this  paragraph  is  required  only 
with  the  landing  gear  retracted. 

4b.481  Flammable  Huide, 

(a)  No  tanks  or  reservoirs  which  are  a  part  of 
a  system  containing  flammable  fluids  or  gases 
shi^  be  located  in  designated  fire  zones,  except 
where  the  fluid  contained,  the  design  of  the 
system,  the  materials  used  in  the  tank,  the 
shutoff  means,  all  connections,  lines,  and  con¬ 
trols  are  such  as  to  provide  an  equally  h^h 
degree  of  safety. 

(b)  Not  less  than  one-half  inch  of  clear  air 
space  shall  be  provided  between  any  tank  or 
reserv<dr  and  a  firewall  or  shroud  isolating  a 
designated  fire  zone. 

(c)  If  absmbent  materials  are  located  in  prox¬ 
imity  to  flammable  fluid  system  components 
which  might  be  subject  to  leakage,  such  ma¬ 
terials  shaU  be  covered  or  treated  to  prevent  the 
absorption  of  hazardous  quantities  of  fluids. 

4b.482  ShutoF  means, 

(a)  Means  for  each  individual  engine  and  for 
each  individual  fire  zone  specified  in  section 
4b.480  (a)  (4)  and  (5)  shall  be  provided  for 
shutting  off  or  otherwise  preventing  hazardous 
quantities  of  fuel,  oil,  deicer,  and  other  flam¬ 
mable  fluids  from  flowing  into,  within,  or 
through  any  derignated  fire  zone,  except  that 


means  need  not  be  provided  to  shut  off  flow  in 
lines  forming  an  integral  part  of  an  engine. 
Closing  the  fuel  shutoff  valve  for  any  engine 
shall  not  make  any  of  the  fuel  supply  unavail¬ 
able  to  the  remaining  engines. 

(b)  Operation  of  the  shutoff  means  shall  not 
interfere  with  the  subsequent  emergency  opera¬ 
tion  of  other  equipment,  such  as  feathering  the 
propeller. 

(c)  The  shutoff  means  shall  be  located  out¬ 
side  of  designated  fire  zones,  unless  an  equally 
high  degree  of  safety  is  otherwise  provided  (see 
sec.  4b.48)  ).  It  shall  be  shown  that  no  haz¬ 
ardous  quantity  of  flammable  fluid  could  drain 
into  any  designated  fire  zone  after  shutting  off 
has  been  accomplished. 

(d)  Provisions  shall  be  made  to  guard  against 
inadvertent  operation  of  the  shutoff  means  and 
to  make  it  possible  for  tbe  crew  to  reopen  tbe 
shutoff  means  in  flight  after  it  has  once  been 
closed. 

4b.483  Lines  and  Attings. 

(a)  All  lines  and  fittings  carrying  flammable 
fluids  in  designated  fire  zones  shall  be  fire- 
resistant,  except  as  otherwise  provided  in  this 
section.  If  flexible  hose  is  used,  the  assembly 
of  hose  and  end  fit!*  ,'s  shall  be  of  an  approved 
type.  The  provisions  of  this  paragraph  need 
not  apply  to  those  lines  and  fittings  which  form 
an  integral  part  of  the  engine. 

(b)  Vent  and  drain  lines  and  their  fittings 
shall  be  subject  to  the  provisions  of  paragraph 
(a)  of  this  section  unless  a  failure  of  such  line 
or  fitting  will  not  result  in,  or  add  to,  a  fire 
hazard. 

4b.484  Fire  extinguisher  systems. 

(a)  General. 

(1)  Fire  extinguisher  systems  shall  be 
provided  to  serve  all  designated  fire  zones. 
This  requirement  shall  be  effective  with  respect 
to  applications  for  type  certificates  in  accord¬ 
ance  with  the  provisions  of  section  4b.ll(a). 
In  addition,  all  other  airplanes  manufactured 
after  June  30,  1954,  shall  comply  with  tins  re¬ 
quirement,  unless  the  engine  power  section  is 
completely  isolated  from  the  engine  accessory 
section  by  a  fireproof  diaphragm  and  unless  the 
cowling  and  nacelle  skin  comply  with  the  pro¬ 
visions  of  section  4b.487,  in  which  case  fire 


4b.484-l 


AIRPLANE  airworthiness;  TRANSPORT  CATEGORIES 


CAM  4b 


extinguisher  systems  need  not  be  provided  in 
the  engine  power  section. 

Notb:  Induction  systems  for  reciprocating  engines 
are  considered  to  be  located  in  a  designated  fire  zone, 
and  therefore  subject  to  the  fire  extinguisher  protection 
provisions  uniess  tests  or  experience  with  the  particular 
type  of  induction  and  carburetion  systems  shows  that 
fuel  burning  in  the  induction  system  passages  is  not 
likely  to  occur. 

(2)  The  fire  extinguishing  system,  the 
quantity  of  extinguishing  agent,  and  the  rate  of 
discharge  shall  be  such  as  to  provide  two 
adequate  discharges.  It  shall  be  possible  to 
direct  both  discharges  to  any  main  engine 
installation.  Individual  ‘*one-shot”  systems 
shall  be  acceptable  in  the  case  of  auxiliary 
power  units,  fuel-burning  heaters,  and  other 
combustion  equipment. 

(3)  The  fire-extinguishing  system  for  a 
nacelle  shall  be  capable  of  protecting  simul¬ 
taneously  all  zones  of  the  nacelle  for  which 
protection  is  provided. 

(b)  Fire  extinguishing  agents. 

(1)  Extinguishing  agents  employed  shall 
be  methyl  bromide,  carbon  dioxide,  or  any 
other  agent  which  has  been  shown  to  provide 
equivalent  extinguishing  action. 

(2)  If  methyl  bromide,  carbon  dioxide,  or 
any  other  toxic  extinguishing  agent  is  employed, 
provision  shall  be  made  to  prevent  the  entrance 
of  harmful  concentration  of  fluid  or  fluid  vapors 
into  any  personnel  compartments  either  due 
to  leakage  during  normal  operation  of  the  air¬ 
plane  or  as  a  result  of  discharging  the  fire 
extinguisher  on  the  ground  or  in  flight  even 
though  a  defect  may  exist  in  the  extinguishing 
system.  Compliance  with  this  requirement 
shall  be  demonstrated  by  appropriate  tests. 

(3)  If  a  methyl  bromide  system  is  pro¬ 
vided,  the  containers  shall  be  charged  with  a 
dry  agent  and  shall  be  sealed  by  the  fire  extin¬ 
guisher  manufacturer  or  by  any  other  party 
employing  appropriate  recharging  equipment. 

(c)  Extinguishing  agent  container  pres¬ 
sure  relief.  Extinguisher  agent  containers 
shall  be  provided  with  a  pressure  relief  to  pre¬ 
vent  bursting  of  the  container  due  to  excessive 
internal  pressures.  The  following  provisions 
shall  apply: 

(1)  The  discharge  line  from  the  relief  con¬ 
nection  shall  terminate  outside  the  airplane  in  a 
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location  convenient  for  inspection  on  the 
ground. 

(2)  An  indicator  shall  be  provided  at  the 
discharge  end  of  the  line  to  provide  a  visual 
indication  when  the  container  has  discharged. 

(d)  Extinguishing  agent  container  com¬ 
partment  temperature.  Under  all  condi¬ 
tions  in  which  the  airplane  is  intended  for  opera¬ 
tion,  the  temperature  range  of  the  extinguishing 
agent  containers  shall  be  maintained  to  assure 
that  the  pressure  in  the  containers  can  neither 
fall  below  the  minimum  necessary  to  provide 
an  adequate  rate  of  extinguisher  agent  dis¬ 
charge  nor  rise  above  a  safe  limit  so  that  the 
system  will  not  be  prematurely  discharged. 

(e)  Fire-extinguishing  system  materials. 
Materials  in  the  fire  extinguishing  system  shall 
not  react  chemically  with  the  extinguishing 
agent  so  as  to  constitute  a  hazard.  All  com¬ 
ponents  of  the  fire  extinguishing  systems  lo¬ 
cated  in  designated  fire  zones  shall  be  con¬ 
structed  of  fireproof  materials. 

[(Amendment  48-12,  published  27  F.  R.  2986, 
Mar.  30, 1962,  effective  May  3,  1962.)1 

4b. 484-1  Determination  of  carbon  dioxide 
concentration  in  flight  crew  compartments. 
{FAA  policies  which  apply  to  sec.  4b.484{b)). 

(a)  Carbon  dioxide  has  been  found  to  ad¬ 
versely  affect  flight  crew  personnel  in  the 
performance  of  their  duties.  Therefore,  in 
aircraft  equipped  with  built-in  carbon  dioxide 
fuselage  compartment  fire  extinguishing  sys¬ 
tems,  the  carbon  dioxide  concentration  occur¬ 
ring  at  the  flight  crew  stations  as  a  result  of 
discharging  the  fire  extinguishers  should  be 
determined  in  accordance  with  paragraphs  (b) 
and  (c)  of  this  section,  except  that  such  determi¬ 
nation  is  not  considered  necessary  if : 

(1)  Five  pounds  or  less  of  carbon  dioxide 
will  be  discharged  into  any  one  such  fuselage 
compartment  in  accordance  with  established 
fire  control  procedures,  or 

(2)  Protective  breathing  equipment  is  pro¬ 
vided  for  each  flight  crew  member  on  flight 
deck  duty. 

(b)  The  carbon  dioxide  concentrations  at 
breathing  level  at  tbe  flight  crew  stations  should 
be  determined  in  flight  tests  during  which 
fuselage  compartment  fire  extinguishers  are 
discharged  in  accordance  with  established  fire 
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control  procedures.  Since  carbon  dioxide  is 
heavier  ^an  sir,  a  nose  down  attitude  is  likely 
to  produce  the  critical  concentrations  in  the 
crew  compartment.  The  following  conditions 
should  therefore  be  investigated: 

(1)  A  rapid  descent  at  the  “[maxinium 
operating  limit”]  speed  of  the  airplane  with 
flaps  and  landing  gear  up, 

(2)  A  rapid  descent  with  flaps  and  landing 
gear  down,  at  the  maximum  permissible  speed 
for  this  configuration.  If  it  appears  that  any 
other  condition  is  likely  to  be  critical  on  a 
particular  airplane,  it  should  also  be  investi¬ 
gated. 

(c)  In  the  flight  tests  specified  in  paragraph 

(b)  of  this  section,  it  will  be  permissible  to 
institute  emergency  ventilating  procedures  im- 
immediately  prior  to  or  following  the  discharge 
of  carbon  dioxide,  provided  such  procedures 
can  be  accomplished  easily  and  quickly  by  the 
flight  crew  and  do  not  appreciably  reduce  the 
effectiveness  of  the  fire  protection  system. 

(d)  If  the  carbon  dioxide  concentrations 
determined  in  accordance  with  paragraphs  (b) 
and  (c)  of  this  section,  exceed  3  percent  by 
volume  (corrected  to  standard  sea-level  condi¬ 
tions),  protective  breathing  equipment  should 
be  provided  for  each  flight  crewmember  on 
flight  deck  duty. 

(e)  Appropriate  emergency  operating  pro¬ 
cedures  should  be  entered  in  the  Airplane 
Flight  Manual. 

(15  F.  R.  8904,  Dec.  15, 1950,  effective  Dec.  15,  1950; 
[amended  27  F.  R.  2986,  Mar.  30,  1962,  effective 
May  3,  1962.)  J 

4b.485  Fire-detector  systems,  Qaick- 
acting  fire  or  overheat  detectors  of  an  approved 
type  shall  he  provided  in  ali  designated  fire 
zones  and  in  the  comhnstion,  turhine,  and  tail¬ 
pipe  sections  of  tnrhine-engine  installations, 
and  they  shall  he  sufficient  in  number  and  loca¬ 
tion  to  assure  prompt  detection  of  fire  in  such 
zones  and  sections.  Fire  detectors  shall  com¬ 
ply  with  the  following  provisions: 

(a)  fire  detectors  shall  be  constructed  and 
installed  to  assure  their  ability  to  resist  without 
failure  all  vibration,  inertia,  and  other  loads  to 
which  they  would  be  subjected  in  operation. 

(b)  Fire  detectors  shall  unaffected  by  the 
exposure  to  oil,  water,  or  other  fluids  or  fumes 
wUch  might  be  present. 


(c)  Means  shall  be  provided  to  permit  the 
crew  to  check  in  flight  the  functioning  of  the 
electric  circuit  associated  with  the  fire -detection 
system. 

(d)  Wiring  and  other  components  of  detector 
systems  which  are  located  in  fire  zones  shall  be 
of  fire-resistant  construction. 

(e)  Detector  system  components  for  any  fire 
zone  shall  not  pass  through  other  fire  zones, 
unless  they  are  protected  against  the  possibility 
of  false  warnings  resulting  from  fires  in  zones 
through  which  they  pass.  This  requirement 
shall  not  be  applicable  with  respect  to  zones 
which  are  simultaneously  protected  by  the  same 
detector  and  extinguisher  systems. 

4b  .485-1  Fire  detector  test  circuit  (FAA 

policies  which  apply  to  sec.  4l>485  (c)). 

(a)  The  checking  means  should  serve  to  as¬ 
sure  the  crew  that  a  fire  within  the  zone  of 
coverage  will  produce  a  fire  warning  if  all  fire- 
responsive  (detector)  elements  are  operative. 
The  means  need  not  be  designed  to  disclose 
whether  fire  detector  sensor  elements  them¬ 
selves  would  respond  properly  to  a  fire.” 

(b)  The  check  should  reveal  any  probable 
malfunction  or  failure  in  the  fire-detection 
system,  external  to  the  detector  elements,  which 
could  interfere  with,  or  prevent,  fire  warning. 
Open  and  short  circuits  in  wiring,  and  inopera¬ 
tive  lights,  beUs,  switches,  or  relays  are  examples 
of  malfunctions  which  should  be  revealed  by 
such  a  check. 

(22  F.  R.  6885,  Aug.  27,  1957,  effective  Sept.  15,  1957.) 

4b.486  Firewalls.  All  engines,  auxiliary 
power  units,  fuel-burning  heaters,  and  other 
combustion  equipment  which  are  intended  for 
operation  in  flight  as  well  as  the  combustion, 
turbine,  and  tailpipe  sections  of  turbine  engines 
shall  be  isolated  from  the  remainder  of  the 
airplane  by  means  of  firewalls,  shrouds,  or 
other  equivalent  means.  The  following  shall 
apply: 

(a)  Firewalls  and  shrouds  shall  be  con¬ 
structed  in  such  a  manner  that  no  hazardous 
quantity  of  air,  fluids,  or  flame  can  pass  from 
the  compartment  to  other  portions  of  the 
airplane. 

”  Thu  U  nonnally  a  separate  Kroimd  maintenance  operation. 
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(b)  All  openings  in  the  firewall  or  shroud 
he  sealed  with  close-fitting  fireproof 

grommets,  hashings,  or  firewall  fittings. 

(c)  Firewalls  and  shrouds  shall  he  con¬ 
structed  of  fireproof  material  and  shall  he  pro¬ 
tected  against  corrosion. 

4h.487  Cowling  and  nacelle  skin. 

(a)  Cowling  shall  he  constructed  and  sup- 
pmted  so  as  to  make  it  capable  of  resisting  all 
vibration,  inertia,  and  air  loads  to  which  it 
would  be  subjected  in  operation. 

(b)  Cowling  shall  have  drainage  and  ventila¬ 
tion  provisions  as  prescribed  in  section  4b.489. 

(c)  On  airplanes  equipped  with  a  diaphragm 
[to  isolate  the  engine  power  section  from  the 
engine  accessory  section,]  the  parts  of  the 
accessory  section  cowling  which  might  be  sub¬ 
jected  to  flame  in  the  event  of  a  fire  in  the 
engine  power  section  of  the  nacelle  shall  be 
constructed  of  fireproof  material  and  shall 
comply  with  the  provisions  of  section  4b.486. 

(d)  Those  portions  of  the  cowling  which 
would  be  subjected  to  high  temperatures  due 
to  their  proximity  to  exhaust  system  parts  or 
exhaust  gas  impingement  shall  be  constructed 
of  fireproof  material. 

(e)  The  airplane  shall  be  so  demgned  and 
constructed  that,  in  the  event  of  fire  originating 
in  the  engine  power  or  accessory  sections,  the 
probability  is  extremely  remote  for  fire  to  enter 
either  through  openings  or  by  burning  through 
external  skin  into  any  other  zone  of  the  nacelle 
where  such  fire  could  create  additional  hazards. 
If  the  airplane  is  provided  with  a  retractable 
landing  gear,  this  provision  shall  apply  with  the 
landing  gear  retracted.  Fireproof  materials 
shall  be  used  for  all  nacelle  skin  areas  which 
might  be  subjected  to  flame  in  the  event  of  a 
fire  originating  in  the  engine  power  or  accessory 
sections. 

[(Amendment  4i>-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May.  3,  1962.)J 


4b.489  Drainage  and  ventilation  of  fire 
zones. 

(a)  Complete  drainage  of  all  portions  of  des¬ 
ignated  fire  zones  shall  be  provided  to  minimize 
the  hazards  resulting  from  failure  or  malfunc¬ 
tioning  of  components  containing  flammable 
fluids.  The  drainage  provisions  shall  be  ef¬ 
fective  under  conditions  expected  to  prevail 
when  drainage  is  needed  and  shall  be  so  ar¬ 
ranged  that  the  discharged  fluid  will  not  cause 
an  additional  fire  hazard. 

(b)  All  designated  fire  zones  shall  be  venti¬ 
lated  to  prevent  the  accumulation  of  flammable 
vapors.  Ventilation  openings  shall  not  be 
placed  in  locations  which  would  permit  the  en¬ 
trance  of  flammable  fluids,  vapors,  or  flame 
from  other  zones.  The  ventilation  provisions 
shall  be  so  arranged  that  the  discharged  vapors 
will  not  cause  an  additional  fire  hazard. 

(c)  Except  with  respect  to  the  engine  power 
section  of  the  nacelle  and  the  combustion 
heater  ventilating  air  ducts,  provision  shall  be 
made  to  permit  the  crew  to  shut  off  sources  of 
forced  ventilation  in  any  fire  zone,  unless  the 
extinguishing  agent  capacity  and  rate  of  dis¬ 
charge  are  based  on  maximum  air  flow  through 
the  zone. 

4b.490  Protection  of  other  airplane 
components  against  fire. 

(a)  All  airplane  surfaces  aft  of  the  nacelles, 
in  the  region  of  one  nacelle  diameter  on  both 
sides  of  the  nacelle  centerline,  shall  be  con¬ 
structed  of  fire-resistant  material.  This  pro¬ 
vision  need  not  be  applied  to  tail  surfaces  lying 
behind  nacelles,  unless  the  dimensional  con¬ 
figuration  of  the  aircraft  is  such  that  the  tail 
surfaces  could  be  affected  readily  by  heat, 
flames,  or  sparks  emanating  from  a  designated 
fire  zone  or  engine  compartment  of  any  nacelle. 

(b)  Consideration  shall  be  given  to  the  effect 
on  adjacent  parts  of  the  airplane  of  heat  within 
designated  fire  zones  and  within  the  combus¬ 
tion,  turbine,  and  tailpipe  sections  of  turbine 
engines. 


Subpart  F— •Equipment 


General 

4b.600  Scope.  The  required  basic  equip¬ 
ment  as  prescribed  in  this  subp  rt  is  the  min¬ 
imum  wUch  shall  be  installed  ! .  the  airplane 


for  certification.  Such  additional  equipment  as 
is  necessary  for  a  specific  type  of  operation  is 
prescribed  in  the  operating  rules  of  this  sub- 
chapter. 
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4b.601  Functional  and  installational 
requirements.  Each  item  of  equipment  shall 
be: 

(a)  Of  a  type  and  design  appropriate  to  per¬ 
form  its  intended  function, 

(b)  Labeled  as  to  its  identification,  function, 
or  operational  limitations,  or  any  combination 
of  these,  whichever  is  applicable, 

(c)  Installed  in  accordance  with  specified 
limitations  of  the  equipment, 

(d)  Demonstrated  to  function  properly  in  the 
airplane. 

4b.602  Required  basic  equipment.  The 
equipment  listed  in  sections  4b. 603  through 
4b.605  shall  be  the  required  basic  equipment. 
(See  sec.  4b.600.) 

4b.603  Flight  and  navigational  instru¬ 
ments.  (See  see.  4b.612  for  installation  re¬ 
quirements.) 

(a)  Airspeed  indicating  system.  If  the  air¬ 
speed  limitations  vary  with  altitude,  the  air¬ 
speed  indicator  shall  incorporate  a  maximum 
allowable  airspeed  indication  showing  the 
variation  of  CFj«o/^moJ  with  altitude  including 
compressibility  limitations.  (See  sec.  4b.732.) 

(b)  Altimeter  (sensitive  or  precision  type), 

(c)  Rate-of-climb  indicator  (vertical  speed), 

(d)  Free  air  temperature  indicator, 

(e)  Clock  (sweep-second  pointer  type), 

(f)  Rate-of-turn  indicator  (gyroscopic  type 
with  integral  bank  or  slip  indicator), 

(g)  Bank  and  pitch  indicator  (gyroscopically 
stabilized), 

(h)  Direction  indicator  (gyroscopically  sta¬ 
bilized  magnetic  and/or  nonmagnetic  type), 

(i)  Direction  indicator  (nonstabilized  type 
magnetic  compass), 

(j)  Machmeter  for  airplanes  having  com¬ 
pressibility  limitations  not  otherwise  indicated 
to  the  pilot  in  accordance  with  section  4b.732. 

[(k)  Speed  warning  device  for  all  turbine- 
powered  airplanes  and  for  all  other  airplanes 
for  which  Vuo/Muo  is  greater  than  0.8  VdfIMdf 
or  0.8  VdIMd.  The  device  shall  provide  effective 
aural  warning  to  the  pilots  which  is  distinctively 
different  from  aural  warnings  used  for  other 
purposes,  whenever  the  speed  exceeds  V^o 
plus  6  knots  or  Mj<o+0.01.  The  upper  limit  of 
the  production  tolerance  permitted  for  the 


warning  device  shall  be  at  a  speed  not  greater 
than  the  prescribed  warning  speed.] 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)] 

4b.604  Powerplant  instruments.  (See 
sec.  4b.613  for  installation  requirements.) 

(a)  Carburetor  air  temperature  indicator  for 
each  reciprocating  engine. 

(b)  Cylinder  head  temperature  indicator  for 
each  air-cooled  reciprocating  engine. 

(c)  Gas  temperature  indicator  for  each  tur¬ 
bine  engine. 

(d)  Manifold  pressure  indicator  for  each 
reciprocating  engine. 

(e)  Fuel  pressure  indicator  for  each  recipro¬ 
cating  engine  to  indicate  the  pressure  under 
which  the  fuel  is  being  supplied. 

(f)  Fuel  pressure  warning  means  for  each 
engine  or  a  master  warning  means  for  all 
engines  with  provision  for  isolating  the  indi¬ 
vidual  warning  means  from  the  master  warning 
means. 

(g)  Fuel  flowmeter  indicator  for  each  tur¬ 
bine  engine.  For  reciprocating  engines,  a  fuel 
flowmeter  or  fuel  mixture  indicator  for  each 
engine  not  equipped  with  an  automatic  altitude 
mixture  control. 

(h)  Fuel  quantity  indicator  for  each  fuel 
tank. 

(i)  Augmentation  liquid  quantity  indicator 
for  each  tank,  which  is  appropriate  to  the  manner 
in  which  the  liquid  is  to  be  used  in  operations. 

(j)  Oil  quantity  indicator  for  each  oil  tank. 
(See  sec.  4b.613  (d).) 

(k)  Oil  pressure  indicator  for  each  inde¬ 
pendent  pressure  oil  system  of  each  engine. 

(l)  Oil  pressure  warning  means  for  each 
engine  or  a  master  warning  means  for  all 
engines  with  provision  for  isolating  the  indi¬ 
vidual  warning  means  from  the  master  warning 
means. 

(m)  Oil  temperature  indication  for  each 
engine. 

(n)  Tachometer  for  each  reciprocating  en¬ 
gine. 

(o)  Tachometer  for  each  turbine  engine  to 
indicate  the  speed  of  the  rotors  for  which 
limiting  speeds  have  been  established. 

(p)  Fire-warning  indicators.  (See  sec. 
4b.485.) 
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[(q)  An  indicator  for  each  turbojet  engine  to 
indicate  a  change  in  thrust,  resulting  from  any 
deficiency  in  the  engine  or  an  indicator  to 
indicate  a  gas  stream  pressure  which  can  be 
related  to  thrust.] 

(r)  A  torque  indicator  for  each  turbinepro- 
-  peller  engine.  A  device  for  each  reciprocating 
engine  capable  of  indicating  to  the  flight  crew 
daring  flight  any  change  in  the  power  output  if 
the  engine  is  equipped  with  an  automatic 
propeller  feathering  system,  the  operation  of 
which  is  initiated  by  a  power  output  measuring 
system,  or  if  the  total  engine  cylinder  displace¬ 
ment  is  2,000  cubic  inches  or  more. 

(s)  Position  indicating  means  for  each  pro¬ 
peller  on  a  turbine  engine  to  indicate  to  the 
flight  crew  when  the  propeller  blade  angle  is 
below  the  flight  low  pitch  position  (see  sec. 
4b.613).  For  reciprocating  engines,  a  means 
for  each  reversing  propeller  to  indicate  to  the 
pilot  when  the  propeller  is  in  reverse  pitch. 

(t)  Position  indicating  means  for  each  tur¬ 
bine  engine  utUizing  a  thrust  reversing  device 
to  indicate  to  the  flight  crew  when  the  deiice  is 
in  the  reverse  thrust  position. 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30.  1962,  effective  May.  3,  1962.)  ] 

4b.605  Miscellaneous  equipment. 

(a)  Approved  seats  for  all  occupants  (see 
sec.  4b.358), 

(b)  Approved  safety  belts  for  all  occupants 
(see  sec.  4b.643), 

(c)  Deleted. 

(d)  Source  (s)  of  electrical  energy  (see  sec. 
4b.620), 

(e)  Electrical  protective  devices  (see  sec. 
4b.624), 

(f)  Radio  communication  system  (two-way), 

(g)  Radio  navigation  system, 

(h)  Windshield  wiper  or  equivalent  for  each 
^ot, 

(i)  Ignition  switch  for  each  and  ali  engines 
(see  sec.  4b.472), 

(j)  Approved  portable  fire  extinguisher  (see 
sec.  4b.641). 

4b.606  Equipment,  systems,  and  instal¬ 
lations. 

(a)  Functioning  and  reliability,  lill 
equipment,  systems,  and  instaiiations  the  func¬ 
tioning  of  which  is  necessary  in  showing  com¬ 
pliance  with  the  regulations  in  this  subchapter 


shall  be  designed  and  installed  to  insure  that 
they  will  perform  their  intended  functions  reli¬ 
ably  under  all  reasonably  foreseeable  operating 
conditions. 

(b)  Hazards.  All  equipment,  systems,  and 
instaUations  shall  be  designed  to  safeguard 
against  hazards  to  the  airplane  in  the  event  of 
their  malfunctioning  or  failure. 

(c)  Power  supply.  Where  an  installation 
the  functioning  of  which  is  necessary  in  showing 
compliance  with  the  regulations  of  this  sub¬ 
chapter  requires  a  power  supply,  such  installa¬ 
tion  shall  be  considered  an  essential  load  on 
the  power  supply,  and  the  power  sources  and 
the  system  shall  be  capable  of  supplying  the 
following  power  loads  in  probable  operating 
combinations  and  for  probable  durations: 

(1 )  All  loads  connected  to  the  system  with 
the  system  functioning  normally; 

(2)  All  essential  loads  after  failure  of  any 
one  iwime  mover,  power  converter,  or  energy 
storage  device; 

(3)  All  essential  loads  after  failure  of  any 
one  engine  on  two-  or  three-engine  airplanes, 
or  after  failure  of  any  two  engines  on  four-or- 
more-engine  airj^anes. 

(4)  In  determining  the  probable  operating 
combinations  and  durations  of  essential  loads 
for  the  partial  power  failure  conditions  pre¬ 
scribed  in  subparagraphs  (2)  and  (3)  of  this 
paragraph,  it  shall  be  permissible  to  assume 
that  the  power  loads  are  reduced  in  accordance 
with  a  monitoring  procedure  which  is  consistent 
with  safety  in  the  types  of  operations  authorized. 
If  a  particular  load  is  not  required  to  maintain 
controlled  flight  it  need  not  be  considered  for 
the  two-engine-inoperative  condition  on  air¬ 
planes  with  four  or  more  engines  as  prescribed 
in  subparagraph  (3)  of  this  paragraph. 

4.606-1  Safety  criteria^  for  electric  utiliza¬ 
tion  systems  {FAA  policies  which  apply  to  sec. 
4b.606  (a)  and  (6)).  Electric  utilization  sys- 


H  When  applying  these  criteria  to  particular  systems,  it  should  be 
clear  that  the  degree  of  hazard  resulting  from  a  type  of  malfunction  may 
vary  considerably  with  the  type  of  aircraft  In  which  the  system  Is  in¬ 
stalled,  or  with  the  nature  of  the  operation  In  which  the  aircraft  Is  utilized. 
Examples  of  systems  which  should  be  considered  under  certain  of  the 
above  criteria  are  as  follows:  (a)  Basic  Sight  Instruments,  minimum 
navigation  equipment;  (b)  propeller  reversing  system,  trim-tab  system, 
dive  brake  system,  landing  gear  actuation  systems;  (c)  fuel  control  valve 
system,  propeller  control  system;  (d)  landing  gear  indicating  system, 
radio  navlgallon  system,  instrument  landing  system,  gyroscopic  Instru¬ 
ment  systems.  Additional  safety  criteria  are  contained  In  sections  of  this 
part  applicable  to  particular  systems  and  components  of  the  airplane. 
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terns”  should  be  analyzed,  inspected  or  tested 
to  assure  conformance  to  the  following  safety 
criteria. 

(a)  Loss  of  system  function.  The  system 
should  not  be  rendered  inoperative  by  any 
probable  malfunction,^*  if  operation  of  this 
system  is  necessary  to  maintain  controlled  flight 
or  effect  a  safe  landing  for  any  authorized  flight 
operation. 

(b)  Inadvertent  operation  of  system.  The  sys¬ 
tem  should  not  be  inadvertently  set  into  opera¬ 
tion  by  any  probable  malfunction,  if  such  in¬ 
advertent  operation  can  result  in  the  inability 
to  maintain  controlled  flight  or  effect  a  safe 
landing  for  any  authorized  flight  operation. 

(c)  Systems  serving  two  or  more  engines.  No 
probable  malfunction  in  the  system  should 
adversely  affect  the  performance  of  more  than 
one  propulsion  engine,  consistent  with  the  pro¬ 
visions  of  section  4b. 401  (b). 

(d)  System  independence.  No  probable  mal- 
fimction  in  one  system  should  render  another 
system  inoperative,  if  both  systems  are  neces¬ 
sary  in  showing  compliance  with  this  part. 

(e)  Misleading  system  indicators.  No  prob¬ 
able  malfunction  in  the  system  should  result  in 
a  safe  indication  of  an  unsafe  condition  of  flight, 
if  such  misleading  information  can  result  in  the 
inability  to  maintain  controlled  flight  or  effect  a 
safe  landing  for  any  authorized  flight  operation. 

(f)  System  overheat.  No  probable  malfunc¬ 
tion  in  the  systei^  hould  result  in  overheat  of 
electric  equipment,  such  that  hazardous  quan¬ 
tities  of  smoke  are  generated  within  the  cabin, 
or  such  that  a  fire  hazard  is  created,  unless 
adequate  means  are  provided  to  detect  and 
correct  the  overheat  condition  during  flight. 

(g)  Electric  shock  exposure.  No  probable 
malfunction  in  the  svstem  should  expose  crew 

>•  An  electric  ntUlzatlo  n  system  Is  a  system  of  electric  equipment 
devloes  and  connected  wiring,  wblcb  utilises  electric  energy  to  perform 
a  specUlc  aircraft  function.  The  system  includes  all  electric  components 
beyond  the  nearest  bus  or  sub-bus  from  which  electric  energy  Is  supplied. 
Examples  of  such  systems  are;  propeller  control  system,  electric  Sight 
Instrument  system,  radio  navigation  equipment  system,  fuel  valve 
control  system.  Sap  and  landing  gear  actuating  systems. 

M  A  probable  malfunction  Is  any  single  electrical  or  mechanical  mal- 
lanctkm  or  failure  within  a  utilization  system  which  Is  considered  proba¬ 
ble  on  the  basis  of  past  service  experience  with  similar  components  In 
aircraft  applications.  This  deSnltion  should  be  extended  to  multiple 
malfunctiims  when:  (1)  The  Srst  malfunction  would  not  be  detected 
dnring  normal  operation  of  the  system.  Including  periodic  checks  estab. 
Uibed  at  intervals  which  are  consistent  with  the  degree  of  hazard  Involved 
or  (2)  the  Srst  malfunction  would  Inevitably  lead  to  other  malfunctions. 

TbJs  deSnltion  of  “probable  malfunction”  applies  wherever  tbis  term 
is  used  In  tbis  section. 


or  passengers  to  hai'mfuJ  electric  shock,  during 
any  normal  activity  on  the  aircraft. 

(21  F.  R.  2747,  Apr.  28,  1956,  effective  .May  25,  1956.) 

4b. 606-2  Installation  of  flight  recorders  {FA  A 
policies  which  apply  to  sec.  4b. 606).  Flight 
recorders  required  under  Parts  40,  41,  and  42 
of  this  subchapter  as  amended  should  be 
installed  in  the  airplane  in  conformance  with 
the  following: 

(a)  Location  of  flight  recorder.  The  recorder 
should  be  located  in  accordance  with  the  ap¬ 
plicable  type  in  the  following: 

Type  I — Unrestricted  location, 

T3q)e  II — Restricted  to  any  location  more 
than  K  of  the  wing  root  chord  from  the  main 
wing  structure  through  the  fuselage  and  from 
any  fuel  tanks, 

Type  III — Unrestricted  location. 

(b)  Vertical  acceleration  sensing. 

(1)  The  vertical  acceleration  forces  should 
be  sensed  at  a  location  within  or  adjacent  to 
the  fuselage,  and  within  or  as  close  to  the  center 
of  gravity  range  of  tut  airplane  as  practicable. 

(2)  The  ve:tical  acceleration  sensor,  or 
the  unit  in  which  it  is  contained,  should  be 
attached  to  a  rigid  structural  member  of  the 
airplane  so  that  vertical  acceleration  forces 
present  in  that  area  can  be  sensed  with  a  mini¬ 
mum  of  error. 

(3)  Sensing  of  only  the  in-flight  vertical 
acceleration  forces  is  necessary;  impact  forces 
need  not  be  sensed. 

(c)  Connection  to  sources  of  data.  The  air¬ 
speed,  altitude,  and  heading  data  should  be 
obtained  from  either  a  required  duplicate 
instrument,  or  from  a  source  independent  of 
required  flight  and  navigation  instrument  sys¬ 
tems,  or  a  combination  thereof.  No  connec¬ 
tion  should  be  made  within  the  case  itself 
of  the  altimeter  indicators.  If  data  are  ob¬ 
tained  from  an  independent  source,  such  source 
should  provide  data  which  has  an  accuracy 
equivalent  to  corresponding  data  furnished  by 
required  flight  and  navigation  instrument  sys¬ 
tems.  Provisions  need  not  be  made  to  dis¬ 
connect  or  isolate  the  recorder  in  flight  from 


•’See  section  4b.612(0  for  requirements  concerning  the  connection 
of  additional  Instruments  to  required  duplicate  and  duplicated  instru¬ 
ment  systems. 
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sources  of  data  which  are  independent  of  re¬ 
quired  flight  and  navigation  instruments. 

(d)  Connection  to  electrical  -power.  The  flight 
recorder  should  be  connected  to  a  bus  of  maxi¬ 
mum  reliability  when  such  connection  does  not 
jeopardize  service  to  essential  or  emergency 
loads.  If  service  to  such  loads  is  affected,  the 
recorder  should  be  connected  to  a  bus  of  the 
next  lower  reliability. 

(3S  F.  R.  2728,  Apr.  24,  1958,  effective  May  5,  1958; 
amended  in  23  F.  R.  7482,  Sept.  26,  1958,  effective 
Oct.  20,  1958.) 

Instruments;  Installation 

4b.610  General.  The  provisions  of  sec¬ 
tions  4b.611  through  4b.613  shall  apply  to  the 
installation  of  instruments. 

Note;  It  may  be  necessary  (e  duplicate  certain 
instruments  at  two  or  more  crew  stations  to  meet  the 
instrument  Tisibility  requirements  prescribed  in  sec- 
tion  4b.611,  or  when  required  by  the  operating  rules 
of  the  Civil  Air  Regulations  for  reliability  or  cross¬ 
check  purposes  in  particular  types  of  operations.  In 
the  latter  case,  independent  operating  systems  would 
be  required  in  accordance  with  the  provisions  of  sec¬ 
tion  4b.«12  (0. 

4b.611  Arrangement  and  vMbility  of 
inetrument  installations. 

(a)  Flight,  navigation,  and  powerplant  instru¬ 
ments  for  use  by  each  pilot  shall  be  plainly  vis¬ 
ible  to  him  from  his  station  with  the  minimnm 
practicable  deviation  from  his  normal  position 
and  line  of  vision  when  he  is  looking  out  and 
forward  along  the  flight  path. 

(b)  Flight  instruments  required  by  sect* 
4b.603  shall  be  grouped  on  the  instrument 
and  centered  as  nearly  as  practicable  about 
vertical  plane  of  the  pilot’s  forward  vision. 
The  four  basic  instruments  specified  in  sub¬ 
paragraphs  (1)  through  (4)  of  this  paragraph 
shall  be  located  on  the  flight  instrument  panel 
as  follows: 

(1)  The  top  center  position  on  the  panel 
shall  contain  that  instrument  which,  of  ali 
instruments  on  the  panel,  most  effectively 
indicates  attitude. 

(2)  The  position  adjacent  to  and  directly 
to  the  left  of  the  top  center  position  shall  contain 
that  instrument,  which,  of  ail  instruments  on 
the  panel,  most  effectively  indicates  air  speed. 

(3)  The  position  adjacent  to  and  directly 


to  the  right  of  the  top  center  position  shall  con¬ 
tain  that  instrument  which,  of  all  instruments 
on  the  panel,  most  effectively  indicates  altitude. 

(4)  The  position  adjacent  to  and  directly 
below  the  top  center  pomtion  shall  contain  that 
instrument  which,  of  all  instruments  on  the 
panel,  most  effectively  indicates  direction  of 
flight. 

(c)  All  the  required  powerplant  instruments 
shall  be  closely  grouped  on  the  instrument 
panel. 

(d)  Identical  powerplant  instruments  for  the 
several  engines  shall  be  located  to  prevent  any 
misleading  impression  as  to  the  engines  to 
which  they  relate. 

(e)  Powerplant  instruments  vital  to  the  safe 
operation  of  the  airplane  shall  be  plainly  visible 
to  the  appropriate  crewmembers. 

(f)  The  vibration  characteristics  of  the  in¬ 
strument  panel  shall  be  such  as  not  to  impair 
seriously  the  accuracy  of  the  instruments  or  to 
damage  them. 

4b.61 1-1  Procedure  for  checking  arrangement 
and  visibility  of  instrument  instaUaiions  {FAA 
policies  which  apply  to  sec.  The  ar¬ 

rangement  and  visibility  of  the  instruments 
should  be  checked  throughout  the  type  tests  in 
order  to  supply  the  information  which  is  neces¬ 
sary  to  complete  the  pertinent  portions  of  Form 
FAA  283-4b,  Type  Inspection  Report. 

(19  F.  R.  4466,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.612  Flight  and  navigational  instru¬ 
ments. 

(a)  Airspeed  indicating  systems. 

(1)  Airspeed  indicating  instruments  shall 
be  of  an  approved  type  and  shall  be  cali¬ 
brated  to  indicate  true  airspeed  at  sea  level 
in  the  standard  atmosphere  with  a  minimnm 
practicable  instrument  calibration  error  when 
the  corresponding  pitot  and  static  pressures  are 
applied  to  the  instrument. 

(2)  The  airspeed  indicating  system  shall 
be  calibrated  to  determine  the  system  error, 
i.  e.,  the  relation  between  IAS  and  CAS,  in 
flight  and  during  the  accelerated  takeoff 
ground  run.  The  ground  run  calibration  shall 
be  obtained  from  0.8  of  the  minimum  value  of 
Vi  to  the  maximum  value  of  Vt,  taking  into 
account  the  approved  altitude  and  weight  range 
for  the  airplane.  In  the  ground  run  calibration. 
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tlM  flap  and  power  settings  shall  correspond 
with  the  values  determined  in  the  establish’ 
ment  of  the  takeoff  path  under  the  provisions 
of  section  4b.ll6,  assuming  the  critical  engine 
to  fail  at  the  minimum  approved  value  of  Fi. 

(3)  The  airspeed  error  of  the  installation, 
excluding  the  airspeed  indicator  instrument 
calibration  error,  shall  not  exceed  3  percent  or 
5  mph,  whichever  is  the  greater,  throughout 
the  speed  range  from  [Fj^oJ  to  1.3  F«,  with 
flaps  retracted,  and  from  1.3  Fa«  to  V^m  with 
flaps  in  the  landing  position. 

(4)  The  airspeed  indicating  system  shall 
be  arranged  in  so  far  as  practicable  to  preclude 
malfunctioning  or  serious  error  due  to  the 
entry  of  moisture,  dirt,  or  other  substances. 

(5)  The  airspeed  indicating  system  shall 
be  provided  with  a  heated  pitot  tube  or  equiva¬ 
lent  means  of  preventing  malfunctioning  due 
to  icing. 

(6)  Where  duplicate  airspeed  indicators 
are  required,  their  respective  pitot  tubes  shall 
be  spaced  apart  to  avoid  damage  to  both  tubes 
in  the  event  of  a  collision  with  a  bird. 

(b)  Static  air  vent  and  pressure  altimeter 
systems. 

(1)  All  instruments  provided  with  static 
air  case  connections  shall  be  vented  to  the 
outside  atmosphere  through  an  appropriate 
piinng  system. 

(2)  The  vent(s)  shall  be  so  located  on 
the  airplane  that  its  orifices  will  be  least 
affected  by  airflow  variation,  moisture,  or  other 
foreign  matter. 

(3)  The  installation  shall  be  such  that  the 
system  will  be  airtight,  except  for  the  vent 
into  the  atmosphere. 

(4)  Pressure  altimeters  shall  be  of  an 
apinoved  type  and  shall  be  calibrated  to  indi¬ 
cate  pressure  altitude  in  standard  atmosphere 
with  a  minimum  practicable  instrument  calibra¬ 
tion  error  when  the  corresponding  static  pres¬ 
sures  are  applied  to  the  instrument. 

(5)  The  design  and  installation  of  the 
altimeter  system  shall  be  such  that  the  error  in 
indicated  preraure  altitude  at  sea  level  in 
standard  atmosphere,  excluding  instrument 
calibration  error,  does  not  result  in  a  value 
more  than  the  ±30  feet  per  100  knots  in  speed 
for  the  appropriate  configuration  in  the  speed 
range  between  1.3  Fsg  (flaps  extended)  and 


1.8  F«i  (flaps  retracted),  except  that  the  error 
need  not  be  less  than  ±  30  feet. 

(c)  Magnetic  direction  indicator. 

(1)  The  magnetic  direction  indicator  shall 
be  installed  so  that  its  accuracy  will  not  be 
excessively  affected  by  the  airplane’s  vibration 
or  magnetic  fields  of  a  permanent  or  transient 
nature. 

(2)  After  the  magnetic  direction  indicator 
has  been  compensated,  the  calibration  shall  be 
such  that  the  deviation  in  level  flight  does  not 
exceed  ±  10°  on  any  heading. 

(3)  A  calibration  placard  shall  be  provided 
as  specified  in  section  4b.733. 

(d)  Automatic  pilot  system.  If  an  auto¬ 
matic  pilot  system  is  installed,  it  shall  be  of  an 
approved  type,  and  the  following  shall  1^ 
applicable: 

(1)  The  system  shall  be  so  designed  that 
the  automatic  pilot  can  be  quickly  and  posi¬ 
tively  disengagcMl  by  the  human  pilots  to  prevent 
it  from  interfering  with  their  control  of  the 
airplane. 

(2)  A  means  shall  be  provided  to  indicate 
readily  to  the  pilot  the  alignment  of  the  actuat¬ 
ing  device  in  relation  to  the  control  system 
which  it  operates,  except  when  automatic 
synchronization  is  provided. 

(3)  The  manually  operated  control  (s)  for 
the  system’s  normal  operation  shall  be  readily 
accessible  to  the  pilots.  The  quick  release 
(emergency)  controls  shall  be  installed  on  both 
the  pilots’  control  wheels,  on  the  side  of  the 
wheel  opposite  from  the  throttles.  Attitude 
controls  shall  operate  in  the  same  plane  and 
sense  of  motion  as  specified  for  the  cockpit 
controls  in  section  4b.353  (b)  and  Figure  4b-16. 
The  direction  of  motion  shall  be  plainly  indi¬ 
cated  on  or  adjacent  to  each  contrd. 

(4)  The  automatic  pilot  system  shall  be 
of  such  design  and  so  adjusted  that,  within 
the  range  of  adjustment  available  to  the  human 
pilot,  it  cannot  produce  hazardous  loads  on  the 
airplane  or  create  hazardous  deviations  in  the 
flight  path  under  any  conditions  of  flight  appro¬ 
priate  to  its  use  either  during  normal  operation 
or  in  the  event  of  malfunctioning,  assuming 
that  corrective  action  is  initiated  within  a 
reasonable  period  of  time. 

(5)  When  the  automatic  pilot  integrates 
signals  from  auxiliary  controls  or  furnishes 
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stgnals  for  operation  of  other  equipment, 
poaitiTe  interlocks  and  sequencing  of  engage¬ 
ment  shall  be  provided  to  preclude  improper 
operation.  Protection  against  adverse  inter¬ 
action  of  integrated  components  resulting  from 
a  malfunction  shall  be  provided. 

(e)  tnatruments  utilizing  a  power  sup¬ 
ply.  The  following  shall  apply  to  each  instru¬ 
ment  required  in  section  4b.603(f),  (g),  and 
(h)  which  utilizes  a  power  supply: 

(1)  Each  instrument  shall  have  a  vis¬ 
ual  type  of  power  failure  indicating  means, 
integral  with  or  located  adjacent  to  the  instrn- 
ment,  to  indicate  when  adequate  power  is  not 
being  supplied  to  the  instrument  (see  note) 
to  sustain  proper  instrument  performance. 
The  power  shall  be  sensed  at  or  near  the  point 
where  power  enters  the  instrument.  For  elec¬ 
tric  instruments  power  shall  be  deemed  ade¬ 
quate  when  voltage  is  between  approved  limits. 

(2)  Each  instrument  shall  be  provided 
with  two  independent  sources  of  power  and 
a  means  of  selecting  either  power  source. 
When  duplicate  independent  instruments  are 
installed,  power  source  selection  need  not  be 
provided  if  each  instrument  has  an  independent 
power  source. 

(3)  The  installation  and  power  supply 
system  shall  be  such  that  failure  of  one  instru¬ 
ment,  or  the  energy  supply  from  one  source, 
or  a  fault  in  any  part  of  the  power  distribution 
system,  will  not  interfere  with  the  proper  sup¬ 
ply  of  energy  from  the  other  source.  (See  also 
secs.  4b.606(c}  and  4b.623.) 

Note:  The  word  "instrument”  as  used  herein 
includes  those  devices  which  are  physically  contained 
in  one  unit  and  those  devices  which  are  composed  of 
two  or  more  physically  separate  units  or  components 
connected  together;  such  as  a  remote  indicating 
gyroscopic  direction  indicator  which  includes  a  magnetic 
sensing  element,  a  gyroscopic  unit,  an  amplifier,  and 
an  indicator  connected  together. 

[(f)  Duplicate  instrument  systems.  If 
duplicate  flight  instruments  are  required  by  the 
operating  parts  of  the  Civil  Air  Regulations  (see 
note  under  sec.  4b.610),  the  provisions  of  sub- 
paragraphs  (1)  through  (3)  of  this  paragraph 
shaD  apply. 

[(1)  The  operating  system  for  flight  instru¬ 
ments  used  by  the  first  pilot,  which  are  required 
to  be  duplicated  at  other  flight  crew  stations. 


shall  be  completely  independent  of  tbe  operat¬ 
ing  system  provided  for  other  flight  crew 
stations. 

[(2)  Only  the  required  flight  instruments  and 
dnpUcates  of  required  instruments  provided  for 
use  of  the  first  pilot  shall  be  connected  to  the 
operating  system  provided  for  the  first  pilot. 

[(3)  When  other  than  required  instruments 
and  duplicates  are  connected  to  other  than  the 
first  pilot’s  operating  system,  provimon  shall 
be  made  to  disconnect  or  isolate  in  flight  such 
other  instruments.] 

((Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  30, 1962).  ] 

4b.612-l  Airspeed  indicating  system  calibra¬ 
tion  {FAA  policies  which  apply  to  sec.  4b.61S  (a)). 

(a)  Methods.  Unless  a  calibrated  referenced 
airspeed  system  is  provided,  the  airplane’s 
system  should  be  calibrated  throughout  as  wide 
a  range  as  necessary  to  cover  the  intended 
flight  tests.  The  tests  in  paragraph  (c)  of  this 
section  are  for  the  purpose  of  showing 
compliance  with  section  4b.612(a)  and  not  in¬ 
tended  to  cover  the  speed  range  of  the  flight  tests. 
If  an  alternate  airspeed  indicating  system  is 
provided,  it  should  also  be  calibrated.  The 
airspeed  indicating  system  should  be  calibrated 
in  accordance  with  the  following  methods: 

(1)  The  tests  should  be  conducted  in  sta¬ 
bilized  flight  at  airspeeds  throughout  the  speed 
range  for  the  airplane  configurations  to  be 
tested.  The  airplane’s  airspeed  indicator  should 
be  calibrated  against  a  reference  airspeed  sys¬ 
tem  or  against  a  groundspeed  course. 

(2)  A  reference  airspeed  system  should 
consist  of  either  of  the  following: 

(i)  An  airspeed  impact  pressure  and 
static  pressure  measurement  device  or  devices 
that  are  free  from  error  due  to  airplane  angular 
changes  relative  to  the  direction  of  the  free 
stream  or  due  to  slipstream  variation  resulting 
from  changes  in  airplane  configuration  or  power. 
In  addition  the  device  or  devices  should  have  a 
known  calibration  error  when  located  in  the  free 
stream,  or 

(ii)  Any  other  acceptable  airspeed  cali¬ 
bration  method,  for  example,  the  altimeter 
method  of  airspeed  calibration.  However,  when 
using  the  altimeter  method  care  should  be  exer¬ 
cised  to  measure  the  airplane’s  altitude  accu¬ 
rately — especially  at  speeds  below  125  m.  p.  h. 
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(3)  VIThen  establishing  the  airplane's  true 
airspeed  by  means  of  the  groundspeed  course, 
flight  between  the  two  reference  pKiints  should 
be  made  at  constant  airspeed  in  two  successive 
runs  in  opposite  directions  to  eliminate  the 
effect  of  wind.  The  runs  should  be  made  only 
in  stable  wind.  The  time  to  make  the  runs 
should  be  obtained  by  means  of  some  cali¬ 
brated  device.  The  speed  runs  should  not  be 
made  nearer  the  ground  surface  than  a  wing 
span’s  length. 

(4)  If  an  alternate  system  is  provided  it 
may  be  calibrated  against  either  the  reference 
system  or  the  airplane’s  system. 

(b)  Configuration.  Airspeed  calibration  tests 
should  be  conducted  in  the  configurations  that 
follow: 

Weight — between  maximum  takeoff  and 
maximum  landing. 

C.  G.  position — optional. 

Wing  flaps  and  landing  gear  retracted. 

Wing  flaps  in  landing  position  and  landing 
gear  extended. 

Engines — optional  power. 

Mixture  setting — optional. 

Cowl  flaps — optional. 

(c)  iSS  procedure  and  reqidred  data.  Any 
one  or  any  desired  combination  of  the  proce¬ 
dures  in  subparagraphs  (1)  through  (3)  of  this 
paragraph  may  be  used  for  calibrating  the 
airspeed  instrmnent.  The  airspeed  should  be 
measured  or  determined  simultaneously  from 
the  airplane’s  and  the  reference  system  during 
stabilized  runs  for  at  least  five  speeds  spaced 
throughout  the  speed  range,  the  lowest  not  to 
exceed  1.3  F,j.  The  highest  speed  should  not 
e.xceed  Vso,  placard  speed,  or  speed  in  level 
flight  using  maximum  continuous  power,  which¬ 
ever  is  lower.  The  speed  spread  between  the 
test  speeds  should  be  limited  to  10  m.p.h.  from 

l. 3  F,j  to  1.6  F,,  or  placard  speed,  and  30 

m. p.h.  from  1.6  F,,  to  Vuo- 

(1)  Speed  course.  The  airspeed  and  alti¬ 
tude  should  be  stabilized  before  entering  the 
speed  course.  Constant  airspeed  should  be 
maintained  during  each  run.  'The  runs  should 
be  made  in  both  directions  for  each  speed  over 
the  speed  course.  The  following  data  should 
be  recorded: 

Time  of  day  at  beginning  of  run. 


Time  to  make  run. 

Pressure  altitude. 

Ambient  air  temperature. 

Airspeed  at  several  intervals  during  run. 

Wing  flap  position. 

Landing  gear  position. 

Course  distance. 

(2)  Rejerenee  airspeed  system.  Stabilized 
rims  at  the  test  speeds  listed  in  this  paragraph 
should  be  made.  The  airspeed  from  the  air¬ 
plane’s  airspeed  system  and  the  reference  air¬ 
speed  system  should  be  read  simultaneously. 
The  following  data  should  be  recorded: 

Time  of  day. 

Airplane’s  indicated  airspeed. 

Reference  indicated  airspeed. 

Pressure  altitude. 

Ambient  air  temperature. 

Wing  flap  position. 

Landing  gear  position. 

(3)  Other  acceptable  airspeed  calibration 
methods.  Stabilized  flight  runs  at  the  test 
speeds  should  be  made  and  the  necessary  data 
recorded  to  establish  the  airplane’s  airspeed 
system  error  and  the  configuration  of  the 
airplane. 

(19  P.  R.  4466,  July  20,  1954,  effective  Sept.  1,  1954; 
amended  20  F.R.  2280,  Apr.  8,  1955,  effective  Apr. 
30,  1955;  further  amended  20  F.  R.  6677,  Sept.  10, 
1955,  effective  Sept.  30,  1956.) 

4b.612-2  Static  air  vent  system  {FAA  policies 
which  apply  to  sec.  4b.612  (6)). 

(a)  If  the  altimeter  installation  is  of  the 
pressure  type  its  operation  will  be  affected  by 
any  error  that  exists  in  the  static  air  pressure. 
Since  the  accuracy  of  the  altimeter  is  of  utmost 
importance  the  static  air  vent  system  should  be 
calibrated.  If  separate  or  alternate  vent  sys¬ 
tems  are  employed  for  the  altimeter  and  air¬ 
speed  indicator,  separate  calibrations  are  re¬ 
quired.  Where  the  altimeter,  rate  of  climb 
indicator,  and  airspeed  indicators  are  vented  to 
the  same  static  systems,  the  altimeter  calibra¬ 
tion  may  be  made  in  conjunction  with  the  air¬ 
speed  calibrations. 

(b)  The  theoretical  relationship  between  air¬ 
speed  error  and  altimeter  error  is  given  in  Figure 
4  so  that  an  altimeter  calibration  may  be 
derived  from  the  airspeed  calibration  if  both  use 
the  same  static  vent  provided  that  the  total 
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bead  installation  is  sucb  as  to  provide  true 
readings  over  the  range  of  angles  involved. 

(19  F.  R.  4466,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.612-3  CaliAration  of  magnetic  direction  in¬ 
dicator  (FAA  policies  which  apply  to  sec. 
4b.6tS  (c)).  It  is  recommended  that  the  mag- 
netic  direction  indicator  be  calibrated  while  the 
airplane  is  on  the  ground  with  its  engines  and 
electrical  equipment  operating.  The  calibra¬ 
tion  data  should  be  included  in  Form  FAA- 
283-4b. 

(19  F.  R.  4466,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.612-4  Automatic  pilot  systems  (FAA 
policies  which  apply  to  sec.  4b. 612  (d)).  To  pre¬ 
clude  hazardous  conditions  which  may  result 
from  any  failure  or  malfunctioning  of  the  auto¬ 
matic  pilot  system,  or  its  inadvertent  use  by 
the  human  pilot,  the  conditions  of  paragraphs 

(a)  through  (e)  and  paragraph  (h)  of  this  sec¬ 
tion  should  be  investigated  by  h^ht  test. 

(a)  A  signal  about  any  axis  equivalent  to 
the  cumulative  effect  of  any  single  failure  (or  if 
multiple  axis  failures  can  result  from  the  mal- 
fimction  of  any  single  component,  combined 
signals  about  all  affected  axes)  should  be  in¬ 
duced  into  the  automatic  pilot  system  during 
normal  climb,^*  cruise,  and  descent  r^imes. 
When  corrective  action  is  taken  3  seconds  after 
the  airplane  response”  to  the  malfunction 
neither  the  simulated  failure  nor  the  subsequent 
corrective  action  should  create  loads  beyond  an 
envelope  of  0  to  2  g,  or  speeds  beyond  [VVc  (or 
Mrc'\  where  appropriate),  or  dangerous  devia¬ 
tions  from  the  flight  path,  except  that  the  posi¬ 
tive  g  limitation  may  be  increased  up  to  the 
positive  design  maneuvering  load  factor  if  it  has 
previously  been  determined  analytically  that 
neither  the  simulated  failure  nor  subsequent 
corrective  action  would  result  in  loads  beyond 
the  design  limit  loads  of  the  airplane. 

(1)  Kecovery  should  be  demonstrated 
either  by  overpowering  or  by  manual  use  of  an 
emergency  quick  disconnect  device  after  the 
3-second  delay.  The  pilot  should  be  able  to 

**  Tb«  oonflgnrmtion  for  normal  climb  will  be  that  for  operational  all- 
englne  ellmb  with  7S  percent  maximum  continuous  power  and  flaps 
retraeted. 

**  Adequate  instrumentation  should  be  Installed  to  register  response 
of  tbe  a^lane  to  the  induced  malfunction.  One  acceptable  method 
wotild  be  by  measurement  of  airplane  accetoatlon. 


return  the  airplane  to  its  normal  flight  attitude 
under  full  manual  control  without  exceeding 
the  loads  or  speed  limits  defined  in  this  para¬ 
graph  and  without  engaging  in  any  dangerous 
maneuvers  during  recovery.  If  an  emergency 
quick  disconnect  button  is  not  installed  on  the 
control  wheel  it  should  be  possible  to  overpower 
servo  forces  plus  resultant  airloads  in  all  con¬ 
figurations  and  attitudes  of  flight  demonstrated, 
including  maximum  speed  for  which  approval 
is  sought,  without  exceeding  the  following  con¬ 
trol  forces  measured  at  the  pilot’s  controls: 
pitch  50  pounds;  roll  30  pounds  (force  applied 
at  rim);  yaw  150  pounds.  The  maximum  alti¬ 
tude  loss  experienced  during  these  tests  should 
be  entered  in  the  Airplane  Flight  Manual 
under  “Emergency  Operating  Procedures.” 

(b)  The  automatic  pilot  system  should  be 
able  to  perform  its  intended  function  through¬ 
out  all  appropriate  maneuvers.  All  such  ma¬ 
neuvers  should  be  accomplished  smoothly  and 
without  subjecting  the  airplane  to  loads  greater 
than  those  described  in  paragraph  (a)  of  this 
section. 

(c)  If  the  automatic  pilot  system  includes 
an  approach  coupler  it  should  be  able  to  per¬ 
form  its  intended  function,  and  the  following 
should  apply : 

(1)  Throughout  an  approach  no  signal  or 
combination  of  signals  simulating  the  cumula¬ 
tive  effect  of  any  single  failure  or  malfunction 
in  the  automatic  pilot  system  should  produce 
hazardous  deviations  in  the  flight  path  or  any 
degree  of  loss  of  control  if  corrective  action  is 
initiated  one  second  after  the  airplane  responds 
to  the  malfunction. 

(i)  The  airplane  should  be  flown  down 
the  ILS  (or  along  a  flight  path  simulating  tbe 
ILS)  in  the  approach  configuration.  At  a  pre¬ 
determined  point  a  failure  should  be  induced  in 
the  automatic  pilot  system.  One  second  after 
the  airplane  responds  to  the  malfunction,  the 
pilot  should  take  corrective  action  by  either 
overpowering  or  manually  disconnecting  the 
automatic  pflot  (utilizing  the  emei^ency  quick 
disconnect  button  on  the  control  wheel).  The 
vertical  distance  below  the  glide  path,  measured 
from  the  point  at  which  level  flight  is  regained, 
should  be  entered  in  the  Airplane  Flight  Manual 
under  "Emei^ency  Operating  Procedures.” 
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(2)  An  engine  failure  during  a  normal  ILS 
approach  should  not  cause  a  lateral  deviation 
of  the  airplane  from  the  flight  path  at  a  rate 
greater  than  three  degrees  per  second. 

(3)  If  approval  is  sought  for  ILS  ap¬ 
proaches  initiated  with  one  engine  inoperative, 
the  automatic  pilot  should  be  capable  of  con¬ 
ducting  the  approach,  and  the  provisions  of 
subparagraph  (1)  of  this  paragraph  should  be 
complied  with. 

(4)  A  visual  means  should  be  provided 
between  the  automatic  pilot  and  the  flight  path 
coupler  to  indicate  to  the  pilot  when  the 
automatic  pilot  is  imcoupled  from  the  airborne 
navigational  reference. 

(d)  For  an  automatic  pilot  without  an  ap¬ 
proach  coupler,  where  the  applicant  desires 
approval  for  low  approaches,  the  conditions 
outlined  in  pan^raph  (c)  (1),  (2),  and  (3) 
of  this  section  should  apply. 

(e)  If  an  automatic  trim  system  is  incor¬ 
porated  into  the  automatic  pilot,  it  should  be 
so  designed  and  installed  that  any  failmre  vrill 
not  create  a  hazardous  condition  to  either 
automatic  or  manual  flight. 

(f)  When  an  emergency  quick  disconnect  de¬ 
vice  is  installed  on  the  automatic  pilot,  the 
release  buttons  should  be  located  on  both  the 
pilot’s  and  copilot’s  control  wheels,  on  the  side 
of  the  wheel  opposite  from  the  throttles. 

(g)  The  automatic  pilot  system  should  be 
so  installed  that  its  operation  will  not  be 
adversely  affected  by  spurious  signab  from 
other  sources,  or  as  a  result  of  normal  variations 
in  the  automatic  pilot  system  power  source,  or 
feedback  by  other  equipment  operating  from 
the  same  power  source  (see  secs.  4b. 625  (b)  and 
4b.660  (c)). 

(h)  The  automatic  pilot  system  should  be 
so  installed  and  adjusted  that  the  servo  stall 
forces  established  during  certification  tests  can 
be  maintained  in  normal  operation.  This  may 
be  assured  by  conducting  flight  tests  throughout 
the  envelope  of  servo  stall  forces.  Those  tests 
conducted  to  determine  that  the  automatic 
pilot  system  will  adequately  control  the  aircraft 
should  establish  the  lower  stall  force  limit;  and 
those  tests  to  determine  that  the  automatic 
pilot  will  not  impose  dangerous  loads  or  devia¬ 
tions  from  the  flight  path  should  be  conducted 
at  the  upper  stall  force  limit. 


(i)  A  positive  means  should  be  provided  to 
indicate  to  the  pilot  when  the  automatic  pilot 
is  ready  for  operation  or  when  the  gyroscopic 
components  are  imcaged,  unless  it  is  impossible 
(as  a  result  of  design  features)  to  engage  the 
automatic  pilot  before  it  is  ready  for  operation. 

(j)  The  following  information  should  be 
placed  on  the  Aircraft  Specification : 

(1)  Servo  motor  and  gear  train  model 
numbers. 

(2)  Servo  unit  pulley  sizes. 

(3)  Upper  and  lower  limiting  stall  forces 
measured  at  the  servo  motors. 

(k)  The  following  information  should  be 
placed  in  the  Airplane  Fhght  Manual: 

(1)  Under  the  operating  limitations  sec¬ 
tion,  airspeed  limitations  and  other  appli¬ 
cable  operating  limitations. 

(2)  Under  the  operating  procedures  sec¬ 
tion,  normal  operation  information. 

(3)  Under  the  emergency  operating  pro¬ 
cedures  section,  a  statement  of  altitude  lost  in 
the  cruising  configuration  (see  paragraph  (a) 
(1)  of  this  section);  a  statement  of  altitude  lost 
on  ILS  approaches  (see  paragraph  (c)  (1)  (i)  of 
this  section);  and  any  other  applicable  emer¬ 
gency  procedure  information. 

(21  F.  R.  2124,  Apr.  3,  1956,  effective  Apr.  14,  1956 
[amended  in  27  F.  R.  2986,  Mar.  30,  1962,  effective 
May  3,  1962.)! 

4b.612-5  Connection  of  additional  instru¬ 
ments  to  duplicate  instrument  system  {FAA 
policies  which  apply  to  sec.  4^.612  {f)).  Neither 
the  accuracy  nor  the  performance  of  any  re¬ 
quired  duplicate  instrument  should  be  reduced 
below  the  minimum  required  by  the  pertinent 
Civil  Air  Regulations  when  an  additional 
instrument  is  connected  to  or  is  subsequently 
disconnected  from  the  system. 

(23  F.  R.  2728,  Apr.  24,  1958,  effective  May  5,  1958; 
amended  in  23  F.  R.  7482,  Sept  26,  1958,  effective 
Oct.  20,  1958.) 

4b.613  Powerplant  instruments. 

(a)  Instrument  lines. 

(1)  Powerplant  instrument  lines  carrying 
flammable  fluids  or  gases  under  pressure  shall 
be  provided  with  restricted  orifices  or  equiv¬ 
alent  safety  devices  at  the  source  of  the  pres¬ 
sure  to  preveut  the  escape  of  excessive  fluid 
or  gas  in  case  of  line  faUnre. 
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(2)  The  provieions  of  sections  4b.432  and 
4I».433  shnU  be  msde  applicable  to  power|dant 
inirtrnment  lines. 

(b)  Fuel  quantity  indicator.  Means 
iihnil  be  provided  to  indicate  to  the  flight  crew 
the  quantity  in  gallons  or  equivalent  units  of 
nsabte  fuel  in  each  tank  during  flight  The 
fdlowing  shall  ap^y: 

(1)  Tanks,  the  outlets  and  airspaces  of 
which  are  interconnected,  shall  be  considered 
as  one  tank  for  the  purpose  of  providing 
separate  indicators. 

(2)  Exposed  sight  gauges  shall  be  pro* 
tected  against  damage. 

(3)  Fuel  quantity  indicators  shall  be  cali¬ 
brated  to  read  zero  during  level  flight  when 
the  quantity  of  fuel  remaining  in  the  tank  is 
equal  to  the  unusable  fuel  snpidy  as  deflned 
by  section  4b.416  (see  sec.  4b.736). 

(c)  Fuel  nowmeter  system.  When  a 
flowmeter  system  is  installed,  the  metering 
component  shall  include  a  means  for  by- 
pasi^  the  fuel  supply  in  the  event  that  mal* 
functioning  of  the  metering  component  results 
in  a  severe  restriction  to  fuel  flow. 

(d)  Oil  quantity  indicator. 

(1)  A  stick  gauge  or  other  equivalent 
means  shall  be  provided  to  indicate  the  quan¬ 
tity  of  oil  in  each  tank.  (See  sec.  4b.735.) 

(2)  If  an  oil  transfer  system  or  a  reserve 
oil  supply  system  is  install^,  means  shall  be 
provided  to  indicate  to  the  crew  during  flight 
the  quantity  of  oil  in  each  tank. 

(e)  Turbine-propeller  blade  position  in¬ 
dicating  means.  The  indicating  means  re¬ 
quired  for  turbine  propellers  by  section  4b.604 
(s)  shall  initiate  indication  before  the  propeller 
blade  has  moved  more  than  eight  degrees  below 
the  flight  low  pitch  stop.  The  source  of  the 
indication  shall  sense  blade  position  directly. 

(f)  Fuel  pressure  indication. 

(1)  Provisions  shall  be  made  to  measure 
the  fuel  pressure,  in  all  systems  supplying  re¬ 
ciprocating  engines,  at  a  point  downstream  of 
all  fuel  pumps  except  fuel  injection  pumps. 
(For  instrument  requirements  see  sec. 
4b.604(e).) 

(2)  When  necessary  for  the  maintenance 
of  the  proper  fuel  delivery  pressure,  a  connec¬ 


tion  shall  be  provided  to  transmit  the  carburetor 
air  intake  static  pressure  to  the  proper  fuel 
pump  relief  valve  connection.  In  such  cases, 
to  avoid  erroneous  fuel  pressure  reading,  the 
gauge  balance  lines  shall  be  independently 
connected  to  the  carburetor  inlet  pressure. 

Electrical  Systems  and  Equipment 

4b. 620  General.  The  into  visions  of  sec¬ 
tions  4b.621  through  4b.627  shall  apiriy  to  all 
electrical  systems  and  equipment.  (See  also 
sec.  4b.606.) 

4b.621  Electrical  system  capacity.  The 
required  generating  capacity  and  the  number 
and  type  of  power  sources  shall  be  determined 
by  an  electrical  load  analysis  and  shall  comply 
with  section  4b. 606  (c). 

4b.622  Generating  system. 

(a)  The  generating  system  shall  be  con¬ 
sidered  to  include  electrical  power  sources, 
main  power  busses,  transmission  cables,  and 
associated  control,  regulation,  and  protective 
devices. 

[(b)  The  generating  system  shall  be  designed 
so  that: 

[(1)  The  power  sources  function  properly 
when  independent  and  when  connected  in 
combination; 

[(2)  The  faUure  or  malfunctioning  of  any 
power  source  cannot  create  a  hazard  or  impair 
the  ability  of  the  remaining  sources  to  supply 
essential  loads; 

[(3)  The  system  voltage  and  frequency  (as 
applicable)  at  the  terminals  of  all  essential  load 
equipment  can  be  maintained  within  the  limits 
for  which  the  equipment  is  designed,  during 
any  probable  operating  condition;  and 

[(4)  System  transients  initiated  by  switch¬ 
ing,  fault  clearing,  or  other  causes,  do  not 
render  essential  loads  inoperative,  and  do  not 
introduce  a  smoke  or  fire  hazard.] 

(c)  Means  accessible  in  flight  to  appropriate 
crewmembers  shall  be  provided  for  the  inde¬ 
pendent  disconnection  of  each  electrical  power 
source  from  the  system.  Controls  for  this 
purpose  shall  be  grouped  to  permit  expeditious 
disconnection  of  electrical  power  sources. 

(d)  Means  shall  be  provided  to  indicate  to 
appropriate  crewmembers  those  generating 
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Rjctem  quantities  which  are  essential  for  the 
safe  (^ration  of  the  system. 

Note:  The  voltage  and  current  supplied  by  each 
generator  are  quantities  considered  essential. 

[(Amendment  4b-12,  published  27  F.  R.  2986,  Mar. 
so,  1962,  effective  May  3,  1962.)  J 

4b.622-l  Generating  system  reliability  (FAA 
policies  which  apply  to  sec.  4b .622  (6)).  Gener¬ 
ating  systems  should  be  analyzed,  inspected,  or 
tested  to  assure  conformance  to  the  following 
reliability  criteria: 

(a)  Failure  of  propulsion  engines  or  other 
prime  movers.  The  generating  system  per¬ 
formance  (after  failure  of  one  or  more  propul¬ 
sion  engines  or  other  prime  movers)  should  be 
that  specified  in  section  4b.606  (c). 

(b)  Generating  system  malfunctions.  No 
probable  malfunction  “  in  the  generating  sys¬ 
tem,  or  in  the  generate,  r  drive  system, should 
result  in  the  permanent  loss  '  service  to 
electric  utilization  systems  which  are  neces¬ 
sary  to  maintain  controlled  flight  and  to  effect 
a  safe  landing,"  unless  the  aircraft  is  equipped 
with  an  independent  source  of  electric  power 
capable  of  supplying  continuous  emei^ency 
service  to  these  utilization  systems. 

(c)  Corrective  action.  Where  corrective  ac¬ 
tion  is  necessary  to  comply  with  paragraphs  (a) 
and  (b)  of  this  section. 

(1)  Adequate  warning  should  be  provided 
for  any  malfunction  or  failure  requiring  such 
corrective  action. 

(2)  Controls  should  be  so  located  as  to 
permit  such  corrective  action  during  any 
probable  flight  situation. 

(3)  If  corrective  action  must  be  taken 
within  a  specified  time  interval  for  continued 

"  A  probable  malfunction  Is  any  single  electrical  or  mechanical  mal¬ 
function  or  failure  which  Is  considered  probable  on  the  basis  of  past  service 
ezpsiience  with  similar  components  In  aircraft  applications.  This 
definition  should  be  extended  to  multiple  malfunctions  when:  (1)  the 
first  malfunction  would  not  be  detected  during  normal  operation  of  the 
system.  Including  periodic  checks  established  at  intervals  which  are 
consistent  with  the  degree  of  hatard  Involved,  or  (2)  the  first  malfunction 
would  inevitably  lead  to  other  malfunctions. 

«  The  generator  drive  system  Includes  the  prime  movers  (propulsion 
engines  or  other)  and  coupling  devices  such  as  gear-boxes  or  constant- 
speed  drives. 

«  An  electric  utilisation  system  is  a  system  of  electric  equipment, 
devices  and  connected  wiring  which  utilizes  electric  energy  to  perform  a 
specific  aircraft  function. 

"The  specific  electric  utilization  systems  which  are  necessary  to 
maintain  controlled  flight  and  effect  a  safe  landing  will  vary  with  the 
type  of  aircraft  and  with  the  nature  of  the  operation  in  which  the  aircraft 
is  utilized.  Examples  of  systems  which  may  be  In  this  category  are 
as  follows:  basic  flight  Instruments,  minimum  navigation  equipment, 
minimum  two-way  radio  communications,  control  system  boost. 


safe  operation  of  the  generating  system,  it 
should  be  demonstrated  that  such  corrective 
action  can  be  accomplished  within  the  specified 
time  interval  during  any  probable  flight 
situation. 

(4)  The  procedure  to  be  followed  by  the 
crew  should  be  detailed  in  the  Operating 
Procedures  Section  of  the  Airplane  Plight 
Manual  (see  sec.  4b.740). 

(d)  Electric  system  smoke  and  fire  procedures 
(see  sec.  4.b.S71  (c)).  To  cope  with  electrical 
smoke  or  fire  of  undetermined  origin,  generating 
system  controls  should  be  designed  to  permit  elec¬ 
trical  disconnection  of  overheated  equipment  in 
flight  without  hazardous  interruption  of  service 
to  electric  utilization  systems.  Procedures  for 
this  purpose  should  be  contained  in  the  Operat¬ 
ing  Procedures  Section  of  the  Airplane  Flight 
Manual  (see  sec.  4b.740). 

(22  F.  R.  6885,  Aug.  27, 1957,  effective  Sept.  15,  1957.) 

4b.623  Distribution  system. 

(a)  The  distribution  system  shall  be  con- 
mdered  to  include  all  distribution  busses,  their 
associated  feeders,  and  control  and  protective 
devices. 

(b)  Individual  distribution  systems  shall  be 
designed  to  insure  that  essential  load  circuits 
can  be  supplied  in  the  event  of  reasonably 
probable  faults  or  open  circuits. 

(c)  Where  two  independent  sources  of  elec¬ 
trical  power  for  particular  equipment  or  systems 
are  required  by  the  Civil  Air  Regulations,  their 
electrical  energy  supply  shall  be  assured. 

Note  :  Various  means  may  be  used  to  assure  a  supply, 
such  as  duplicate  electrical  equipment,  throw-over 
switching,  and  multi-channel  or  loop  circuits  separately 
routed. 

4b.624  Electrical  protection. 

(a)  Automatic  inotective  devices  shall  be 
provided  to  minimize  distress  to  the  electrical 
system  and  hazard  to  the  airplane  in  the  event 
of  wiring  faults  or  serious  malfunctioning  of  the 
system  or  connected  equipment. 

(b)  In  the  generating  system  the  protective 
and  control  devices  shall  be  such  as  to  de¬ 
energize  and  disconnect  faulty  power  sources 
and  power  transmission  equipment  from  their 
associated  busses  with  sufficient  rajndity  to 
provide  protection  against  hazardous  over¬ 
voltage  and  other  malfunctioning. 
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(c)  All  resettable  type  circuit  protective 
devices  shall  be  so  designed  that  when  an  over* 
load  or  circuit  fault  exists,  they  will  open  the 
drcuit  irrespective  of  the  position  of  the 
operating  control. 

C(d)  If  the  ability  to  reset  a  circuit  breaker 
or  to  replace  a  fuse  is  essential  to  safety  in 
flight,  such  circuit  breaker  or  fuse  shall  be  so 
located  and  identified  that  it  can  be  readily  re¬ 
set  or  replaced  in  flight.] 

(e)  Circuits  for  essential  loads  shall  have 
individual  circuit  protection. 

NotS:  This  prorisioii  does  not  necessarily  require 
indiridual  protection  for  each  circuit  in  an  essentiai  ioad 
system  (e.  g.,  each  position  light  ui  the  system). 

(f)  If  fuses  are  used,  there  shall  be  provided 
spare  fuses  for  use  in  flight  equal  to  at  least  50 
percent  of  the  number  of  fuses  of  each  rating 
required  for  complete  circuit  protection. 

[(Amendment  4b-12,  published  27  F.  R.  2986,  Mar. 
1962,  effective  May  3.  1962.)] 

4b.624-l  Automatic  reset  circuit  breaker 
(FAA  policies  which  apply  to  sic. 
Automatic  reset  circuit  breakers  (which  auto¬ 
matically  reset  themselves  periodically)  should 
not  be  applied  as  circuit  protective  devices.** 
They  may  be  used  as  integral  protectors  for 
electrical  equipment  (e.  g.,  thermal  cut-outs) 
provided  that  circuit  protection  is  also  installed 
to  protect  the  cable  to  the  equipment. 

(20  F.  R.  2280,  Apr.  8,  1955,  effective  Apr.  30,  19-55.) 

4b.625  Electrical  equipment  and  instal~ 
lotion. 

(a)  In  showing  compliance  with  section 
4b.606  (a)  and  (b)  with  respect  to  the  electrical 
system,  equipment,  and  installation,  considera¬ 
tion  shall  be  given  to  critical  environmental 
conditions. 

Notb:  CTritieal  environmental  conditions  may  include 
temperature,  pressure,  humidity,  ventilation,  position^ 

M  ctroott  protective  devices  are  normaily  installed  to  limit  the  botard- 
ons  eoDseqnenoes  of  overloaded  or  faulted  circuits.  These  devices  are 
resettable  (circuit  breakers)  or  replaceable  (fuses)  to  permit  the  crew  to 
restore  service  when  nuisance  trips  occur  or  when  the  abnormal  circuit 
condition  can  be  corrected  in  flight.  If  the  abnormal  circuit  condltloo 
cannot  be  corrected  In  flight,  the  decision  to  restore  power  to  the  circuit 
Involves  a  careful  analysis  of  the  flight  situation.  It  is  necessary  to  weigh 
the  essentiality  of  the  circuit  for  continued  safe  flight  against  the  hazards 
of  resetting  on  a  possibly  faulted  circuit.  Such  evaluation  Is  properly  an 
aircraft  crew  function  which  can  not  be  performed  by  automatic  reset 
elrcnlt  breakers.  To  asstire  crew  supervision  over  the  reset  operation, 
drcuit  protective  devices  should  be  of  such  design  that  a  manual  opera¬ 
tion  Is  required  to  restore  service  after  tripping. 


acceierution,  vibration,  and  presence  of  detrimental 
substances. 

(b)  All  electrical  equipment,  controls,  and 
wiring  shall  br  so  installed  that  operation  of 
any  one  unit  or  system  of  units  will  not  affect 
adversely  the  simultaneous  operation  of  any 
other  electrical  unit  or  system  of  units  essential 
to  the  safe  operation  of  the  airplane. 

(c)  Cables  shall  be  grouped,  routed,  and 
spaced  so  that  damage  to  essential  circuits  will 
be  minimized  in  the  event  of  faults  in  heavy 
current-carrying  cables. 

(d)  Storage  batteries  shall  be  of  such  design 
and  be  so  installed  that: 

(1)  Safe  cell  temperatures  and  pressures 
are  maintained  during  any  probable  charging 
or  discharging  condition.  No  uncontrolled  in¬ 
crease  in  cell  temperature  shall  result  when  the 
storage  battery  is  recharged  (after  previous 
complete  discharge)  at  maximum  regulated 
voltage,  during  a  flight  of  maximum  duration, 
under  the  most  adverse  cooling  conditions 
likely  to  occur  in  service.  Tests  to  demon¬ 
strate  compliance  with  this  regulation  shall 
not  be  required  if  satisfactory  operating  ex¬ 
perience  with  similar  batteries  and  installa¬ 
tions  has  shown  tnat  maintaining  safe  cell 
temperatures  and  pressures  presents  no 
problem. 

(2)  Explosive  or  toxic  gash’s  emitted  by 
the  storage  battery  in  normal  operation,  or  as 
the  result  of  any  probable  malfunction  in  the 
charging  system  or  battery  installation,  shall 
not  accumulate  in  hazardous  quantities  within 
the  airplane. 

(3)  Corrosive  fluids  or  gases  which  may 
be  emitted  or  spilled  from  the  storage  battery 
shall  not  damage  the  surrounding  airplane 
stru  -'^ure  or  adjacent  essential  equipment. 

4l  25-1  Environmerdal  tests  Jor  electrical 
equipmerd*^  {FAA  policies  which  apply  to  see. 
Jib. 625  (a)).  The  ability  of  electrical  equip¬ 
ment  to  provide  continuous  safe  service  under 
foreseeable  environmental  conditions  may  be 
demonstrated  by  means  of  environmental  tests, 
design  analyses,  or  reference  to  previous  com¬ 
parable  serv’ce  experience  on  other  aircraft. 

»  This  policy  applies  to  all  electrical  generation,  distribution,  and 
utilization  equipment  required  by  or  utilized  In  complying  with  the 
applicable  Civil  Air  Regulations,  except  those  items  covered  by  Technical 
Standard  Orders  ccmtalnlng  environmental  test  procedures. 
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For  environmental  testing,  the  test  procedures 
contained  in  appendix  I  of  this  manual  are 
acceptable,  subject  to  the  following  objective 
criteria: 

(a)  The  extremes  of  climatic  and  environ¬ 
mental  conditions  given  in  appendix  I  may  be 
reduced  in  specific  aircraft  applications  when  it 
can  be  shown  that  these  extremes  would  not  be 
reached  in  normal  service.  Conversely,  these 
extremes  should  be  extended  when  individual 
applications  indicate  the  need,  such  as  may 
occur  when  electrical  equipment  is  exposed  to 
high  intensity  acoustic  noise  generated  by 
turbojet  engines. 

(b)  In  all  cases  the  ability  of  the  equipment 
to  safely  withstand  exposure  to  temperature 
extremes,  temperature  shock,  humidity,  alti¬ 
tude,  vibration,  flight  and  normal  landing  im¬ 
pact  shocks,  and  acceleration  should  be  demon¬ 
strated.  Tests  for  each  of  these  conditions  are 
set  forth  in  appendix  I.  Teats  in  environments 
such  as  sand  and  dust,  fungus  and  saltspray  may 
be  limited  to  equipment  likely  to  be  exposed  to 
these  conditions. 

(c)  Electrical  equipment  altitude  testing 
should  be  conducted  at  an  altitude  15  percent 
above  the  maximum  altitude  to  which  the 
equipment  would  be  exposed  in  normal  service. 
However,  testing  of  certain  equipment  in¬ 
stalled  in  pressurized  areas  should  be  under 
conditions  of  altitude  and  time  which  will 
assure  that,  in  case  of  rapid  decompression: 

(1)  Equipment  necessary  for  the  execu¬ 
tion  of  an  emergency  descent  would  remain 
operative  for  the  probable  period  required  for 
such  descent. 

(2)  Other  equipment  is  not  rendered 
permanently  inoperative  if  the  operation  of  the 
equipment  is  necessary  to  maintain  controlled 
flight  or  effect  a  safe  landing. 

(3)  No  equipment  will  constitute  a  hazard 
due  to  arcing,  fire,  or  smoke.  However, 
altitude  testing  for  hazard  from  arcing,  fire,  or 
smoke  is  not  required  where  any  hazard  is 
satisfactorily  minimized  independently  of  alti¬ 
tude  by  design  and  installation  features. 

(23  F.  R.  10325,  Dec.  25,  1958,  effective  Jan.  31, 
1959.) 

4b.626  Electrical  system  fire  and  smoke 
protection.  The  design  and  installation  of  all 


components  of  the  electrical  system  shall  be  in 
compliance  with  pertip»nt  fire  and  smoke  pro¬ 
tection  provisions  of  sections  4b.371  (c), 
4b.385,  and  4b.490.  In  addition,  all  electrical 
cables,  terminals,  and  equipment  which  are 
necessary  in  emergency  procedures  and  which 
are  located  in  designated  fire  zones  shall  be 
fire-resistant. 

4b. 626-1  Fire-resistant  electrical  equipment 
{FAA  policies  which  apply  to  sec.  4b -626). 
When  applied  to  the  electrical  equipment  and 
components  defined  in  the  last  sentence  of  sec¬ 
tion  4b. 626,  an  accepted  criterion  for  “fire  re¬ 
sistant”  is  that  such  equipment  and  compo¬ 
nents,  as  installed  in  the  aircraft,  should  with¬ 
stand  a  2000°  F.  oxidizing  flame  impinging  on 
their  surfaces  for  at  least  5  minutes  without 
adverse  effect  on  their  circuit  function.*^  The 
2000°  F.  oxidizing  flame  should  envelop  the 
equipment  under  test,  using  a  test  setup  simu¬ 
lating  the  actual  aircraft  installation.^®  Ther¬ 
mocouples  for  measurement  of  flame  tempera¬ 
ture  should  be  located  within  one-fourth  inch 
of  the  surface  exposed  to  the  flame. 

(22  F.  R.  6885,  Aug.  27,  1957,  effective  Sept.  15,  1957; 
amended  in  23  F.  R.  2790,  Apr.  26,  1958,  effective 
.May  5,  1958.) 

C4b.627  Electrical  system  tests.  When 
laboratory  tests  of  the  electrical  system  are 
conducted  they  shall  be  performed  on  a  mock- 
up  utilizing  the  same  generating  equipment 
complement  as  in  the  aircraft.  The  equipment 
shall  simulate  the  electrical  characteristics  of 
the  distribution  wiring  and  connected  loads  to 
the  extent  necessary  for  valid  test  results. 
Laboratory  generator  drives  shall  simulate  the 
actual  prime  movers  on  the  airplane  with 
respect  to  their  reaction  to  generator  loading, 
including  loading  due  to  faults.  When  the 
conditions  of  flight  cannot  adequately  be  simu¬ 
lated  in  the  laboratory  or  by  ground  tests  on  the 

«  This  policy  establishes  a  basic  test  standard  for  flre.reslstant  electri¬ 
cal  equipment  located  in  designated  fire  tones.  However,  installation 
approval  may  be  granted  for  equipment  which  does  not  conform  to 
this  standard,  if  It  can  bo  shown  that  such  equipment  would  provide 
equivalent  safety  If  exposed  to  the  pmbable  fire  conditions  at  Its  partic¬ 
ular  location. 

Excessive  temperature  may  affect  electrical  equipment  and  com¬ 
ponents  by  cansing  such  malfunctions  as  short  circuit,  open  circuit,  and 
changes  In  circuit  parameters  (for  example,  reduced  Insulation  reslstauoe 
and  dielectric  strength). 

“  In  the  case  of  electric  cable,  only  a  representative  length,  not  less 
than  12  Inches,  need  be  enveloped  In  the  flame. 
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prototype  airplane,  flight  tests  shall  be  con¬ 
ducted.] 

[(Amendment  4b-12,  published  27  F.  R.  2986. 
Mur.  30,  1962,  efrective  May  3,  1962.)] 

4b.628  Lightning  strike  protection. 
Those  portions  of  the  airplane  which  are  elec¬ 
trically  insulated  from  the  main  body  of  the 
airplane  shall  be  connected  to  the  basic  air¬ 
frame  through  appropriate  lightning  arrestors, 
unless  it  is  shown  that  a  lightning  strike  on 
the  insulated  portion  is  improbable  because  of 
the  shielding  afforded  by  other  portions  of 
the  airplane,  or  unless  it  is  shown  that  a  light¬ 
ning  strike  on  the  insulated  portion  would  not 
create  a  hazard  to  the  airplane  or  its  occupants. 

Lights 

4b.630  Instrument  lights. 

(a)  Instrument  lights  shall  provide  suflScient 
illumination  to  make  all  instruments,  switches, 
etc.,  easily  readable. 

(b)  Instrument  lights  shall  be  so  installed 
that  their  direct  rays  are  shielded  from  the 
pilot’s  eyes  and  so  that  no  objectionable 
reflections  are  visible  to  him. 

(c)  A  means  of  controlling  the  intensity  of 
illumination  shaU  be  provided,  unless  it  is 
shown  that  nondimmed  instrument  lights  are 
satisfactory  under  all  expected  conditions  of 
flight. 

4b.631  Landing  lights. 

(a)  Landing  lights  shall  be  of  an  approved 
type. 

(b)  Landing  lights  shall  be  installed  so  that 
there  is  no  objectionable  glare  visible  to  the 
{ulot  and  so  that  the  pilot  is  not  adverse!y 
affected  by  halation. 

(c)  Landing  lights  shall  be  installed  in  a 
location  where  they  provide  the  necessary 
illumination  for  night  landing. 

(d)  A  switch  for  each  light  shall  be  provided, 
except  that  where  multiple  lights  are  installed 
at  one  location  a  single  svritch  for  the  multiple 
lights  shall  he  acceptable. 

(e)  A  means  shall  be  provided  to  indicate 
to  the  pilots  when  the  landing  lights  are  ex¬ 
tended. 

4h.632  Position  light  system  install 
lotion. 

(a)  General.  The  provisions  of  sections 
4b.632  through  4b.635  shall  be  applicable  to 


the  position  light  system  as  a  whole.  The  posi¬ 
tion  light  system  shall  include  the  items 
specified  in  paragraphs  (b)  through  (d)  of  this 
section. 

(b)  Forward  position  lights.  Forward 
position  lights  shall  consist  of  a  red  and  a  green 
light  spaced  laterally  as  far  apart  as  practicable 
and  installed  forward  on  an  airplane  in  such  a 
location  that,  with  the  airplane  in  normal  flying 
position,  the  red  light  is  displayed  on  the  left 
side  and  the  green  light  is  displayed  on  the 
right  side.  The  individual  lights  shall  be  of  an 
approved  type. 

(c)  Rear  position  light.  The  rear  posi¬ 
tion  light  shall  consist  of  a  white  light  m  ounted 
on  the  airplane  as  far  aft  as  practicable .  The 
light  shall  be  of  an  approved  type. 

(d)  Light  covers  and  color  filters.  Light 
covers  or  color  filters  used  shall  be  of  flame- 
resistant  material  and  shall  be  constructed  so 
that  they  will  not  change  color  or  sh.'ipe  or  suffer 
any  appreciable  loss  of  light  transmis  sion  during 
normal  use. 

4b. 632-1  Red  passing  lights  {FAA  policies 
which  apply  to  sec.  (a)).  When  it  is  de¬ 

sired  to  improve  the  conspicuity  of  the  aircraft 
a  steady  red  light,  commonly  known  as  a  pass¬ 
ing  light,  may  be  installed.  This  light  is  not 
considered  to  be  a  position  light  and  therefore 
need  not  be  type  certificated.  When  installed, 
its  location  should  be  one  of  the  following: 

(a)  Within  the  left  landing  light  unit. 

(b)  On  the  centerline  of  the  aircraft  nose. 

(c)  In  the  leading  edge  of  the  left  wing, 
outboard  of  the  propeller  disc. 

(16  F.  R.  3212,  Apr.  12,  1951,  effective  Apr.  15,  1951.) 

4b.633  Position  light  system  dihedral 
angles.  The  forward  and  rear  position  lights 
as  installed  on  the  airplane  shall  show  unbroken 
light  within  dihedral  angles  specified  in  para¬ 
graphs  (a)  through  (c)  of  this  section. 

(a)  Dihedral  angle  L  (left)  shall  be  considered 
formed  by  two  intersecting  vertical  planes,  one 
parallel  to  the  longitudinal  axis  of  the  airplane 
and  the  other  at  110°  to  the  left  of  the  first, 
when  looking  forward  along  the  longitudinal 
axis. 

(b)  Dihedral  angle  R  (right)  shall  be  con¬ 
sidered  formed  by  two  intersecting  vertical 
planes,  one  parallel  to  the  longitudinal  axis  of 
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the  airfdane  and  the  other  at  110°  to  the  right 
of  the  first,  when  looking  forward  along  the 
longitudinal  axis. 

(c)  Dihedral  angle  A  (aft)  shall  be  considered 
formed  by  two  intersecting  vertical  planes  mak¬ 
ing  angles  of  70°  to  the  right  and  70°  to  the  left, 
respectively,  looking  aft  along  the  longitudinal 
axis,  to  a  vertical  plane  passing  thtongh  the 
longitudinal  axis. 

4b.634  Position  light  distribution  and 
intensities. 

(a)  General.  The  intensities  prescribed  in 
this  section  are  those  to  be  provided  by  new 
equipment  with  all  light  covers  and  color  filters 
in  place.  Intensities  shall  be  determined  with 
the  light  source  operating  at  a  steady  value 
equal  to  the  average  luminous  output  of  the  light 
source  at  the  normal  operating  voltage  of  the 
airplane.  The  light  distribution  and  intensities 
of  position  lights  shall  comply  with  the  pro¬ 
visions  of  paragraphs  (b)  and  (c)  of  this  section. 

(b)  Forward  and  rear  position  lights. 
The  Ught  distribution  and  intensities  of  forward 
and  rear  position  lights  shaU  be  expressed  in 
terms  of  minimum  intensities  in  the  horizontal 
l^ane,  minimum  intensities  in  any  vertical 
plane,  and  maximum  intensities  in  overlapping 
beams,  within  dihedral  angles  L,  R,  and  A,  and 
shall  comply  vrith  the  provisions  of  subpara¬ 
graphs  (1)  through  (3)  of  this  paragraph. 

(1)  Intensities  in  horizontal  plane. 
The  intensities  in  the  horizontal  plane  shall  not 
be  less  than  the  values  given  in  figure  4b-18. 
(The  horizontal  plane  is  the  plane  containing 
the  longitudinal  axis  of  the  airplane  and  is  per¬ 
pendicular  to  the  plane  of  symmetry  of  the  air¬ 
plane). 

(2)  Intensities  above  and  below  hori¬ 
zontal.  The  intensities  in  any  vertical  plane 
shall  not  be  less  than  the  appropriate  value 
given  in  figure  4b-19,  where  I  is  the  minimum 
intensity  prescribed  in  figure  4b-18  for  the 
corresponding  angles  in  the  horizontal  plane. 
(Vertical  planes  are  jdanes  perpendicular  to  the 
horizontal  plane.) 

(3)  Overlaps  between  adjacent  signals. 
The  intensities  in  overlaps  between  adjacent 
signals  shall  not  exceed  the  values  given  in 
figure  4b-20,  except  that  higher  intensities  in 
the  overlaps  shall  be  acceptable  with  the  use  of 


main  beam  intensities  substantially  greater  than 
the  minima  specified  in  figures  4b-18  and  4b- 13 
if  the  overlap  intensities  in  relation  to  the  main 
beam  intensities  are  sucb  as  not  to  affect 
adversely  signal  clarity. 


1 

Dihedrai  angie  (iight 
involved) 

Angle  from  right 
or  left  of  longi¬ 
tudinal  axis, 
measured  from 
dead  ahead 

Intensity 

(candles) 

L  and  R  (forward  red 

f  0“  to  lO® 

40 

and  green) . 

(  10®  to  20° 

30 

i  20°  to  110° 

5 

A  (Rear  white).. . 

110°  to  180° 

20 

1 

Fisnre  4b-i8.  — Minimnm  intensities  in  the  horizontal 
plane  of  forward  and  rear  position  lights. 


Angle  above  or  below 
horizontal 

Intensity 

0° . 

1.00  I. 

0°  to  6° . . . 

0.90  I. 

S°  to  10°. . 

0.80  I. 

10°  to  15° . 

0.70  I. 

16°  to  20° . 

0.60  I. 

20°  to  30° . 

0.30  I. 

30°  to  40° . 

0.10  I. 

40°  to  90° . 

[0.05  I.] 

Figure  4b-19. — Minimum  intensities  in  any  vertical 
plane  of  forward  and  rear  position  lights. 


1 

Maximum  intensity 

Overlaps 

Area  A 
(candles) 

Area  B 
(candles) 

Green  in  dihedral  angle  L . 

10 

1 

Red  in  dihedral  angle  R _ 

10 

1 

Green  in  dihedral  angle  A _ 

6 

1 

Red  in  dihedral  angle  A . 

Rear  white  in  dihedral  angle 

5 

1 

L 

Rear  white  in  dihedral  angle 

5 

1 

R  .  -  - 

1 

Note:  Ares  A  includes  all  directions  in  the  adjacent 
dihedral  angle  which  pass  through  the  light  source  and 
which  intersect  the  common  boundary  plane  at  more 
than  10  degrees  but  less  than  20  degrees.  Area  B 
includes  all  directions  in  the  adjacent  dihedral  angle 
which  pass  through  the  light  source  and  which  intersect 
the  common  boundary  plane  at  more  than  20  degrees. 

Figure  4b-20. — Maximum  intensities  in  overlap^ng 
beams  of  forward  and  rear  position  iights. 


The  next  BKoreiiFIsare4b-22.  (Fifiwe  4i>-21  waa  deleted  by  Amend¬ 
ment  41^-9.) 
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4b.634-l  Overlaps  between  high  intensity  for¬ 
ward  position  lights  {FAA  policies  which  apply 
to  sec.  4b.6S4  (6)  (3)).  When  the  peak  intensity 
of  the  forward  position  lights  is  greater  than 
100  candles,  the  maximum  overlap  intensities 
between  them  may  exceed  the  values  given  in 
Figure  4b-20  provided  the  overlap  intensity  in 
Area  A  is  not  greater  than  10  percent  of  peak 
position  light  intensity  and  the  overlap  intensity 
in  Area  B  is  not  greater  than  2.5  percent  of  peak 
position  light  intensity.^* 

(23  F.  R.  2790,  Apr.  26,  1958,  effective  .May  5,  1958.) 

4b.635  Position  light  color  specifica¬ 
tions.  The  colors  of  the  position  lights  shall 
have  the  International  Commission  on  Ilinmi- 
nation  chromaticity  coordinates  as  set  forth 
in  paragraphs  (a)  through  (c)  of  this  section. 

(a)  Aviation  red. 
y  is  not  greater  than  0.335, 

2  is  not  greater  than  0.002; 

(h)  Aviation  green. 

X  is  not  greater  than  0.440—  0.320p, 

X  is  not  greater  than  p— 0.170, 
y  is  not  less  than  0.390— 0.170x; 

(c)  Aviation  white. 

X  is  not  less  than  0.350, 

X  is  not  greater  than  0.540, 

IT- {fo  is  not  numerically  greater  than  0.01, 
go  being  the  y  coordinate  of  the  Plancldan 
radiator  for  which  Xo=x. 

4b.636  Riding  light, 

(a)  When  a  riding  (anchor)  light  is  required 
for  a  seaplane,  flying  boat,  or  amphibian,  it 
shall  be  capable  of  showing  a  white  light  for 
at  least  two  miles  at  night  under  clear  atmos> 
pheric  conditions. 

(b)  The  riding  light  shall  be  installed  to 
show  the  maximum  unbroken  light  practicable 
when  the  airplane  is  moored  or  drifting  on  the 
water.  ExtemaUy  hung  lights  shall  be  accept¬ 
able. 

4b.637  Anticollision  light  system.  An 
anticollinon  light  system  shall  be  installed 
which  shall  conrist  of  one  or  moi«  approved 
anticolliidon  lights  so  located  that  the  emitted 
light  will  not  be  detrimental  to  the  crew’s  vision 
and  will  not  detract  from  the  conspicnity  of  the 
position  lights.  The  system  shall  comply  with 

M  Overlap  Intensities  should  be  determined  with  the  position  lights 
installed  in  their  actual  airplane  locations,  since  adjacent  airplane 
structure  will  often  provide  some  cutoff  In  the  overlap  ares. 


the  provisions  of  paragraphs  (a)  through  (d)  of 
this  section. 

(a)  Field  of  coverage.  The  system  shall 
consist  of  such  lights  as  will  afford  coverage  of 
all  vital  areas  around  the  airplane  with  due  con¬ 
sideration  to  the  physical  configuration  and  the 
flight  characteristics  of  the  airplane.  In  any 
case,  the  field  of  coverage  shall  extend  in  all 
directions  within  30°  above  and  30°  below  the 
horizontal  plane  of  the  airplane,  except  that  a 
solid  angle  or  angles  of  obstructed  visibility 
totaling  not  more  than  0.03  steradians  shall  be 
permissible  within  a  solid  angle  equal  to  0.15 
steradians  centered  about  the  longitudinal  axis 
in  the  rearward  direction. 

(b)  Flashing  characteristics.  The  ar¬ 
rangement  of  the  system,  i.  e.,  number  of  light 
sources,  beam  width,  speed  of  rotation,  etc., 
shall  be  such  as  to  give  an  effective  flash  fre¬ 
quency  of  not  less  than  40  and  not  more  than 
100  cycles  per  minute.  The  effective  flash  fre¬ 
quency  shall  be  the  frequency  at  which  the  air¬ 
plane’s  complete  anticollision  light  system  is 
observed  from  a  distance,  and  shall  apply  to  all 
sectors  of  light  including  the  overlaps  which 
might  exist  when  the  system  consists  of  more 
than  one  light  source.  In  overlaps,  flash  fre¬ 
quencies  higher  than  100  cycles  per  minute 
shall  be  permissible,  except  that  they  shall  not 
be  higher  than  180  cycles  per  minute. 

(c)  Color.  The  color  of  the  anticollision 
lights  shall  be  aviation  red  in  accordance  with 
the  specifications  of  section  4b.635  (a). 

(d)  Light  intensity.  The  minimum  light 
intensities  in  all  vertical  planes,  measured  with 
the  red  filter  and  expressed  in  terms  of  “effec¬ 
tive”  intensities,  shall  be  in  accordance  with 
flgure  4h-27.  The  following  relation  shall  be 
assumed: 

V'mdt 

w  _jLh _ • 

''~0.2+(f2-fi)' 

where: 

/,  =  effective  intensity  (candles), 

l{t)  =  instantaneous  intensity  as  a  function  of 
time, 

ti—ti  =  flash  time  interval  (seconds). 

Note:  Normally,  the  maximum  value  of  effective 
intensity  is  obtained  when  and  ti  are  so  chosen  that 
the  effective  intensity  is  equal  to  the  instantaneous 
intensity  at  fj  and  ti. 
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Fig.  4b-22 


FLAP  CONTROL  KNOB 


LANDING  GEAR  CONTROL  KNOB 


THROTTLE  CONTROL  KNOB 


I 


RPM  CONTROL  KNOB 


MIXTURE  CONTROL  KNOB 


SUPERCHARGER  CONTROL  KNOB 


Figure  4b-22. —Control  knob  ahnpes. 


The  next  flgiire  b  Figure  4b-2te.  (Figure  4b-23  was  debted  by  Amendment  4b-7.) 
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Fi(ure  4b  24a. 


Figure  4b-24c. 


Figure  4b-25a. 
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Load 

Tow  Point 

Position 

Magnitude 

No. 

Direction 

1 

Forward,  parailei  to 

drag  axis. 

2 

Forward,  at  30°  to 

drag  axis. 

Main  gear. 

0.75  Pto«  per  main 

3 

Aft,  paraiiei  to  drag 

gear  unit. 

axi8. 

4 

Aft,  a'  30°  to  drag 

axij». 

Swiveled  forward. 

5 

Forward, 

6 

Aft. 

1.0  F.O.. 

7 

Forward. 

Auxiliary  gear. 

Swiveled  aft. 

8 

Aft. 

9 

Forward,  in  piane  of 

wheel. 

Swiveled  45°  from 

forward. 

0.5  F„,. 

10 

Aft,  in  plane  of 

wheel. 

11 

Forward,  in  plane  of 

Swiveled  45°  from 

wheel. 

aft. 

12 

Aft,  in  plane  of 

wheel. 

BALANCING  FORCES 

The  ride  component  of  the  towing  load  at  the  main  gear  is  reacted  by  a  side  force  at  the  static  ground  tine  at 
the  wheel  to  which  load  is  applied. 

The  towing  loads  at  the  auxiliary  gear  and  the  drag  components  of  the  towing  loads  at  the  main  gear  are  reacted 
in  each  of  the  following  ways: 

a.  Reaction  applied  at  the  axle  of  the  wheel  to  which  load  is  applied,  this  reaction  having  a  maximum 

value  equal  to  the  vertical  reaction.  Airplane  inertia  is  applied  as  required  for  equilibrium. 

b.  The  loads  reacted  by  airplane  inertia. 

Figure  4b-26.— Towing  Loads. 


Angle  above  or  below  horizontal  plane 

Effective 

intensity 

(candles) 

0°  to6°... _ _ _  ... 

100 

5°  to  10° _  . 

60 

10°  to  20° _ 

20 

20®  to  30°.. _ _ i  10 


Figure  4b-27. — Minimum  effective  Intensities  for  anti- 
collirion  lights. 
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Safety  Equipment 

4b.640  Ice  protection.  Compliance  with 
this  section  is  optional.  The  requirements  of 
this  section  are  intended  to  provide  for  safe 
flight  in  icing  conditions.  When  compliance  is 
shown  with  the  provisions  of  this  section,  the 
type  certificate  shaU  include  certification  to 
that  effect.  When  an  airplane  is  certificated 
to  include  ice  protection  provisions,  the  recom¬ 
mended  procedures  for  the  use  of  the  ice 
protection  equipment  shall  he  set  forth  in  the 
Airplane  Flight  Manual  (see  sec.  4h.742  (a)). 
It  shall  he  shown,  as  prescribed  in  paragraphs 

(a)  and  (b)  of  this  section,  that  the  airplane  is 
capable  of  operating  safely  in  continuous  maxi¬ 
mum  and  intermittent  maximum  icing  condi¬ 
tions  as  defined  in  section  4b.  1  (b)  (7)  and  (8). 

(a)  An  analysis  shall  be  performed  to  estab¬ 
lish,  on  the  basis  of  the  airplane’s  operational 
needs,  the  adequacy  of  the  ice  protection  sys¬ 
tem  for  the  various  components  of  the  airplane. 

(b)  In  addition  to  the  analysis  and  physical 
evaluation  prescribed  in  paragraph  (a)  of  this 
section,  the  effectiveness  of  the  ice  protection 
system  and  its  components  shall  be  shown  by 
one  (w  more  of  the  following  means: 

(1)  Laboratory  dry  air  and/or  simulated 
icing  tests  of  the  actual  components  or  models 
thweof. 

(2)  Flight  dry  air  tests  of  the  ice  protection 
system  as  a  whole,  or  of  its  components 
individually. 

(3)  Flight  tests  of  the  airplane  or  its  com¬ 
ponents  in  measured  simulated  icing  conditions. 

(4)  Flight  tests  of  the  airplane  in  measured 
natural  atmospheric  icing  conditions. 

Note;  For  turbine-powered  airplanes,  the  ice  pro- 
eetion  provisions  of  this  section  are  considered  to  be 
primarily  applicable  to  the  airframe.  For  the  power- 
^ant  installation,  certain  additional  provisions  of  Sub- 
part  E  of  this  Part  may  be  found  applicable. 

4b.641  Hand  Are  extinguishers.  (See 
secs.  4b.381,  4b.382,  and  4b.383.) 

4b.642  Flare  installation. 

(a)  Parachute  flares  shall  be  releasable  from 
the  pilot  compartment  and  installed  to  minimize 
the  [probability]  of  accidental  discharge. 

(b)  It  shall  be  demonstrated  in  flight  that 
the  flare  installation  is  such  that  ejection  can  be 


accomplished  without  hazard  to  the  airplane 
and  its  occupants. 

(c)  If  recoil  loads  are  involved  in  the  ejection 
of  the  flares,  the  structure  of  the  airplane  shall 
withstand  such  loads. 

(Amendment  4b--12,  published  27  F.  R.  2986,  Mar* 
30,  1962,  effective  May  3,  1962.) 

4b.642-l  Procedure  ^or  testing  flare  ejection 
(FAA  policies  which  apply  to  sec.  4b.6j2{h)). 
When  flares  are  released,  they  should  clear  the 
aircraft  structure  when  the  airplane  is  flown  at 
a  speed  of  1.4  Fsj  with  the  wing  flaps  and  land¬ 
ing  gear  in  both  extended  and  retracted  posi¬ 
tions.  If  it  is  obvious  that  the  flaps  and  gear 
have  no  effect  upon  the  flare’s  path,  the  test 
may  be  conducted  at  one  configuration.  It  is 
permissible  to  use  dummy  flares  with  parachutes 
for  this  test. 

(19  F.  R.  4466,  July  20,  1954,  eff  .-ctive  Sept.  1, 
1954.) 

4b.643  Safety  belts.  Safety  belts  shall 
be  of  an  approved  typo.  In  no  case  shall  the 
rated  strength  of  the  safety  belt  be  less  than 
that  corresponding  with  the  ultimate  load  fac¬ 
tors  specified  in  section  4b.260  (a),  taking  due 
account  of  the  dimensional  characteristics  of 
the  safety  belt  installation  for  the  specific  seat 
or  berth  arrangement.  Safety  belts  shall  be 
attached  so  that  no  part  of  the  anchorage  will 
fail  at  a  load  lower  than  that  corresponding 
with  the  ultimate  load  factors  equal  to  those 
specified  in  section  4b.260  (a)  multiplied  by  a 
factor  of  1.33  [in  lieu  of  tbe  fitting  factor 
prescribed  in  section  4b.307  (c).]  In  the  case 
of  safety  belts  for  berths,  the  forward  load 
factor  need  not  be  applied. 

[(Amendment  4b-12,  published  27  F.  R.  2986,  Mar. 
30,  1962,  effective  May  3,  1962.)! 

4b.644  Safety  belt  signal.  When  means 
are  provided  to  indicate  to  the  passengers  when 
seat  belts  should  be  fastened,  the  device  shall 
be  so  installed  that  it  can  be  operated  from  the 
seat  of  either  pilot  or  copilot. 

4b.645  Ditching  equipment.  When  the 
airplane  is  certificated  for  ditching  in  accord¬ 
ance  with  section  4b.361,  and  when  required  by 
the  operating  rules  for  the  particular  route  to 
be  flown,  the  ditching  equipment  shall  be  as 
prescribed  in  paragraphs  (a)  through  [(e)]  of 
this  section. 
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(a)  Liferafta.  Liferafts  shall  be  of  an  ap¬ 
proved  type.  Unless  excess  rafts  of  sufficient 
capacity  are  provided,  the  buoyancy  and  seat¬ 
ing  capacity  beyond  the  rated  capacity  of  the 
rafts  slull  be  such  as  to  accommodate  all  oc¬ 
cupants  of  the  airplane  in  the  event  of  a  loss  of 
one  liferaft  of  the  largest  rated  capacity  on 
board.  Each  liferaft  shall  be  equipped  with  a 
traUing  line  and  with  a  static  Une,  the  latter 
designed  to  hold  the  raft  near  the  airplane  but 
to  release  it  in  case  the  airplane  becomes 
totally  submerged.  Each  raft  shall  contain 
obvious  markings  of  instruction  on  the  opera¬ 
tion  of  the  raft. 

(b)  Liferaft  equipment.  Approved 
equipment  intended  for  survival  shall  be  at¬ 
tached  to  each  liferaft  and  marked  for  identi¬ 
fication  and  method  of  operation. 

Note:  The  extent  and  type  of  survival  equipment 
will  depend  upon  the  route  over  which  the  airplane  is 
operated. 

(c)  Long-range  aigrudling  device.  An 
approved  long-range  signalling  device  shall  be 
provided  for  use  in  one  of  the  life  rafts. 

(d)  Life  preservers.  Life  preservers  shall 
be  of  an  approved  type. 

(e)  Life  line.  Provisions  shall  be  made 
for  the  storage  of  life  lines,  one  attached  to 
each  side  of  the  fuselage  and  arranged  so  that 
they  can  be  used  to  enable  occupants  to  stay 
on  the  wing  after  a  ditching. 

[(Amendment  4b-12,  published  27  F.  R.  2986,  Mar. 
30, 1962,  effective  May  3,  1962.)] 

4b.646  Stowage  of  safety  equipment. 
Special  stowage  provisions  shall  be  made  for 
all  prescribed  safety  equipment  to  be  used  in 
emergencies.  The  stowage  provision  shall  be 
such  that  the  equipment  is  directly  accessible 
and  its  location  is  obvious.  All  safety  equip¬ 
ment  shall  be  protected  against  inadvertent 
damage.  The  stowage  provimons  shall  be 
marked  conspicuously  to  identify  the  contents 
and  to  facilitate  removal  of  the  equipment. 
In  addition,  the  foliowing  shall  specifically 
apply: 

(a)  Emergency  exit  means.  The  stowage 
provisions  for  the  emergency  exit  means 
required  by  section  4b.362  (e)  (7)  shall  be 
located  at  the  exits  which  they  are  intended  to 
serve. 


(b)  Liferafts.  The  provisions  for  the  stow¬ 
age  of  liferafts  required  by  section  4b.645 

(a)  shall  accommodate  a  sufficient  number  of 
rafts  for  the  maximum  number  of  occupants 
for  which  the  airplane  is  certificated  for  ditch¬ 
ing.  Stowage  shall  be  near  exits  through 
which  the  rafts  can  be  launched  during  an 
unplanned  ditching.  Rafts  automatically  or 
remotely  released  on  the  outside  of  the  airplane 
shall  be  attached  to  the  airplane  by  means  of 
the  static  line  prescribed  in  section  4b.645  (a). 

(c)  Long-range  signalling  device.  The 
stowage  provisions  for  the  long-range  sig¬ 
nalling  device  required  by  section  4b.645  (c) 
shall  be  located  near  an  exit  to  be  avail¬ 
able  during  an  unplanned  ditching. 

(d)  Life  preservers.  The  provisions  for  the 
stowage  of  life  preservers  required  by  section 
4b.645  (d)  shall  accommodate  one  life  pre¬ 
server  for  each  occupant  for  which  the  airplane 
is  certificated  for  ditching.  They  shall  be 
located  so  that  a  life  preserver  is  within  easy 
reach  of  each  occupant  while  seated. 

4b.647  Flotation  means.  If  the  airplane 
is  not  equipped  with  life  preservers  in  accord¬ 
ance  with  section  4b.645(d),  an  approved  in¬ 
dividual  flotation  means  shall  be  provided  for 
each  occupant.  Such  flotation  means  shall  be 
within  easy  reach  of  each  occupant  while 
seated  and  readily  removable  from  the  airplane. 

Miscellaneous  Equipment 

4b.650  Radio  and  electronic  equipment. 

(a)  In  showing  compliance  with  section 
4b.606  (a)  and  (b)  with  respect  to  radio  and 
electronic  equipment  and  their  installations, 
consideration  shall  be  given  to  critical  environ¬ 
mental  conditions. 

Note:  Critical  environmental  conditions  may  in¬ 
clude  temperature,  pressure,  humidity,  ventilation, 
position,  acceleration,  vibration,  and  presence  of 
detrimental  substances. 

(b)  Radio  and  electronic  equipment  shall  be 
supplied  with  power  in  accordance  with  the 
provisions  of  section  4b.623  (c). 

(c)  All  radio  and  electronic  equipment,  con¬ 
trols,  and  wiring  shall  be  so  installed  that  oper¬ 
ation  of  any  one  unit  or  system  of  units  will 
not  affect  adversely  the  simultaneous  operation 
of  any  other  radio  or  electronic  unit  or  system 
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of  units  required  by  the  regulations  in  this 
subchapter. 

4b.651  Oxygen  equipment  and  supply. 
When  reqidred  by  the  operating  rules  of  the 
regulations  in  this  snbchapter,  the  supple¬ 
mental  and  protective  breathing  equipment 
and  its  installation  shall  meet  the  following 
requirements: 

(a)  General.  The  oxygen  system  installed 
hIimII  be  free  from  hazards  in  itself,  in  its  method 
of  op^ation,  and  in  its  effect  upon  other  compo¬ 
nents  of  the  idrplane.  Means  shall  be  provided 
to  enable  the  crew  to  determine  readily  during 
flight  the  quantity  of  oxygen  avaUable  in  each 
source  of  supply.  For  airplanes  certificated  for 
operation  at  flight  altitudes  above  40,000  feet, 
oxygen  flow  rate  and  equipment  shall  be  ap¬ 
proved  by  the  Administrator. 

(b)  Required  minimum  mass  How  of 
supplemental  oxygen.  The  minimum  mass 
flow  of  supplemental  oxygen  required  per  per¬ 
son  at  various  cabin  pressure  altitudes  shall 
be  that  necessary  to  comply  with  the  following 
requirements  as  applicable: 

(1)  Where  continuous  flow  equipment  is 
used  by  flight  crewmembers,  the  minimum 
mass  flow  of  supplemental  oxygen  required  for 
each  crewmember  shall  not  be  less  than  that 
which  will  maintain  during  inspiration  a  mean 
tracheal  oxygen  partial  pressure  of  149  mm. 
Hg.  when  breathing  15  liters  per  minute,  BTPS, 
and  having  a  piaximum  tidal  volume  of  700  cc. 
with  a  constant  time  interval  between  respira¬ 
tions. 

(2)  Where  demand  equipment  is  used  by 
flight  crewmembers,  the  minimum  mass  flow 
of  supplemental  oxygen  required  for  each  crew¬ 
member  shall  not  be  less  than  that  which  will 
maintain  during  inspiration  a  mean  tracheal 
oxygen  partial  pressure  of  122  mm.  Hg.  to  and 
inclnding  a  cabin  pressure  altitude  of  35,000 
feet  and  95  percent  oxygen  between  cabin 
pressure  altitudes  of  35,000  and  40,000  feet, 
when  breathing  20  liters  per  minute  BTPS. 
Provision  shall  be  made  to  allow  use  of  undi¬ 
luted  oxygen  by  crewmembers  when  they  so 
desire. 

(3)  For  passengers  and  cabin  attendants 
the  minimum  mass  flow  of  supplemental  oxygen 
required  for  each  person  at  various  cabin  pres¬ 
sure  altitudes  shall  not  be  less  than  that  which 
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will  maintain  during  inspiration  the  following 
mean  tracheal  oxygen  partial  pressures  when 
using  the  oxygen  equipment  provided,  including 
masks: 

(i)  At  cabin  pressure  altitudes  above 
10,000  feet  to  and  including  18,500  feet,  a 
mean  tracheal  oxygen  partial  pressure  of  100 
mm.  Hg.  when  breathing  15  liters  per  minute, 
BTPS,  and  having  a  tidal  volume  of  700  cc. 
with  a  constant  time  interval  between  respira¬ 
tions. 

(ii)  At  cabin  pressure  altitudes  above 
18,500  feet  to  and  including  40,000  feet,  a  mean 
tracheal  oxygen  partial  pressure  of  83.8  mm. 
Hg.  when  breathing  30  liters  per  minute, 
BTPS,  and  having  a  tidal  volume  of  1,100  cc. 
with  a  constant  time  interval  between  respira¬ 
tions. 

(4)  Where  first-aid  oxygen  equipment  is 
required,  the  minimum  mass  flow  of  oxygen  to 
each  user  shall  not  be  less  than  4  liters  per 
minute,  STPD,  except  that  means  may  be 
provided  to  decrease  this  flow  to  not  less  than 
2  liters  per  minute,  STPD,  at  any  cabin  altitude. 
The  quantity  of  oxygen  required  shall  be  based 
upon  an  average  flow  rate  of  3  liters  per  minute 
pe’  person  for  whom  first-aid  oxygen  is  re¬ 
quire. 

(5)  Where  portable  oxygen  equipment  is 
required  for  crewmembers,  the  minimum  mass 
flow  of  supplemental  oxygen  shall  be  as  speci¬ 
fied  in  subparagraph  (1)  or  (2)  of  this  para¬ 
graph,  whichever  is  applicable. 

(c)  Equipment  standards  tor  distribu¬ 
tion  system.  Where  oxygen  is  to  be  supplied 
to  both  crew  and  passengers,  the  distribution 
system  shall  be  designed  to  provide  either : 

(1)  A  source  of  supply  for  the  flight  crew 
on  duty  and  a  separate  source  for  the  passen¬ 
gers  and  other  crewmembers,  or 

(2)  A  common  source  of  supply  with  means 
provided  so  that  the  minimum  supply  required 
by  the  flight  crew  on  duty  can  be  separately 
reserved. 

(d)  Equipment  standards  tor  dispensing 
units.  Where  oxygen  dispensing  units  are 
required,  they  shall  comply  with  the  provisions 
of  subparagraphs  (1)  through  (3)  of  this 
paragraph. 

(1)  An  individual  dispensing  unit  shall  be 
provided  for  each  occupant  for  whom  supple- 
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oxygen  is  required  to  be  furnished.  All 
BnitM  be  designed  to  cover  the  nose  and 
month  and  shall  be  equipped  with  a  suitable 
means  for  retaining  the  unit  in  position  on  the 
face  for  use.  Flight  crew  masks  for  supple¬ 
mental  oxygen  shall  provide  for  the  use  of 
communication  equipment.  (For  crew  masks 
to  be  used  for  protective  breathing  purposes, 
see  paragraph  (h)  of  this  section.) 

(2)  In  airplanes  certificated  to  operate  at 
flight  altitudes  to  and  including  25,000  feet, 
there  shall  be  available  to  and  within  reach  of 
each  flight  crewmember  an  oxygen  supply 
terminal  and  unit  of  oxygen  dispensing  equip¬ 
ment  to  provide  for  the  immediate  use  of  oxygen 
by  such  crewmember.  For  all  other  occupants 
the  supply  terminals  and  dispensing  equipment 
shall  be  located  so  as  to  permit  the  use  of 
oxygen  as  required  by  the  operating  rules  of 
the  regulations  in  this  subchapter. 

(3)  In  airplanes  certificated  to  operate 
above  25,000  feet  flight  altitude,  the  provisions 
of  subdivisions  (i)  through  (iv)  of  this  subpara¬ 
graph  shall  apply: 

(i)  An  oxygen  dispensing  unit  con¬ 
nected  to  oxygen  supply  terminals  shall  be 
immediately  available  to  each  occupant  where- 
ever  seated.  In  addition,  in  airplanes  certifi¬ 
cated  to  operate  above  30,000  feet,  the  dis¬ 
pensing  units  providing  the  required  oxygen 
flow  rate  shall  be  automatically  presented  to  the 
occupants.  To  insure  that  sufficient  dispensing 
units  and  outlets  are  available  for  all  occupants, 
the  total  number  shall  exceed  the  number  of 
seats  by  at  least  10  percent  with  the  extra  units 
being  as  uniformly  distributed  throughout  the 
cabin  as  practicable; 

(ii)  Crewmembers  on  flight  deck  duty 
shall  be  provided  with  demand  equipment.  An 
oxygen  dispensing  unit  connected  to  an  oxygen 
snpfdy  terminal  shall  be  immediately  available 
to  each  flight  crewmember  when  seated  at  his 
station; 

(iii)  Not  less  than  two  outlets  and  units 
of  dispensing  equipment  of  a  type  similar  to 
that  required  by  subdivimon  (i)  of  this  para¬ 
graph  shall  be  located  in  each  washroom;  and 
in  each  lavatory  if  separate  from  the  wash¬ 
room;  and 


(iv)  Portable  oxygen  equipment  shall 
be  immediately  available  for  each  cabin 
attendant. 

(e)  Meant  tor  determining  use  of  oxygen. 
Means  shall  be  provided  to  enable  the  crew  to 
determine  whether  oxygen  is  being  delivered  to 
the  dispensing  units. 

(f)  Fire  protection. 

(1)  Oxygen  equipment  and  lines  shall  not 
be  located  in  any  designated  fire  zone. 

(2)  Oxygen  equipment  and  lines  shall  be 
protected  from  heat  which  may  be  generated 
in  or  escape  from  any  designated  fire  zone. 

(3)  Oxygen  equipment  and  lines  shall  be 
so  installed  that  escaping  oxygen  cannot  cause 
ignition  of  accnmnlations  of  grease,  fluids,  or 
vapors  which  are  likely  to  be  present  in  normal 
operation  or  as  a  result  of  failure  or  malfunction¬ 
ing  of  any  system. 

Ol)  Protection  from  rupture.  Oxygen 
pressure  tanks  and  lines  between  tanks  and 
the  shutoff  means  shall  he  protected  from  the 
effects  of  unsafe  temperatures,  and  shaU  be  so 
located  in  the  airplane  as  to  minimize  the  pos- 
siUlity  and  the  hazards  of  rupture  in  a  crash 
landing. 

(h)  Protective  breathing  tyetem.  When 
^otective  breathing  equipment  is  required  by 
the  Civil  Air  Regulations,  it  shall  be  designed  to 
protect  the  flight  crew  from  the  effects  of  cmoke, 
carbon  dioxide,  and  other  harmful  gases  while 
on  flight  deck  duty  and  while  combating  fires  in 
cargo  compartments  (see  sec.  4b.380(c)).  The 
protective  breathing  equipment  and  the  neces- 
smry  supply  of  oxygen  shaU  be  in  accordance 
wifli  the  following  provisions: 

(1)  The  protective  breathing  equipment 
shall  include  masks  covering  the  eyes,  nose, 
and  month,  or  only  the  nose  and  month  when 
accessory  equipment  is  provided  to  protect 
the  eyes.  Such  equipment  while  in  use  shall 
not  prevent  the  flight  crew  from  using  the  radio 
equipment  of  the  airplane  or  from  communicat¬ 
ing  with  each  other  while  at  their  assigned 
duty  stations.  That  part  of  the  equipment 
provided  to  protect  the  eyes  shall  be  of  a  type 
and  construction  which  will  not  cause  any 
appreciable  adverse  effect  on  vision  and  shall 
permit  wearing  corrective  glasses  by  individual 
members  of  the  flight  crew. 
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(2)  A  supply  of  protective  oxygen  per  crew¬ 
member  slmll  of  15-minate  duration  at  a 
iwessnre  altitude  8,000  feet  and  a  resinratory 
minute  volume  of  30  liters  per  minute  BTPD. 

Noti:  When  a  demand  type  oxygen  ayatem  ta  em¬ 
ployed,  a  anpply  of  300  litera  of  free  oxygen  at  70°  F. 
and  700  mm.  Hg.  preaaure  ia  considered  to  be  of  IS- 
mlnnte  duration  at  the  prescribed  altitude  and  minnte 
volnme.  When  a  continuous  flow  protectire  breathing 
system  is  used,  including  a  mask  with  a  standard 
rebreather  bag,  a  flow  rate  of  60  liters  per  minnte  at 
8,000  feet  (45  liters  per  minute  at  sea  level)  and  a  supply 
of  600  Uters  of  free  oxygen  at  70°  F.  and  760  mm  Hg. 
preaaure  is  considered  to  be  of  15- minnte  duration  at 
prescribed  altitude  and  minnte  volnme.  (BTPD  refers 
to  body  temperature  conditions,  i.  e.,  37°  C.,  at  ambient 
pressure,  dry.) 

(19  F.  R.  4466,  July  20,  1954,  effective  Sept.  1,  1954.) 

4b.651-l  Safety  precautions  (FAA  policies 
which  apply  to  sec.  4h.661  (a)).  The  oxygen  sys¬ 
tem  should  be  so  located  that  leakage  or  failure 
in  other  systems  canying  inflammable  liquids 
or  gases  will  not  cause  the  inflammable  liquid 
or  gas  to  come  in  contact  with  oxygen  lines  or 
equipment.  A  relief  valve  or  some  other  means 
ia  desirable  in  low  pressure  (400  p.  r  i.)  oxygen 
systems  to  safely  relieve  excessive  pressures 
such  as  might  be  caused  by  overcharging. 
(See  also  sec.  4b.481  concerning  location  of 
tanks  containing  flammable  fluids^.) 

(15  F.  R.  8904,  Dec.  15,  1950,  effective  Jan.  1,  1951.) 

4b.651-2  Protective  breathing  eguipment 
{FAA  policies  which  apply  to  see.  4b.661{h)). 

(a)  Conditiom  under  which  protective  breathing 
equipment  may  be  necessary.  These  conditions 
are  those  outlined  in  section  4b.484-l,  and 
sections  40.205-2,  41.24c-2,  and  42.29-2  of  this 
chapter. 

6>)  Oxygen  systems  for  flighi  deck  duty.  The 
demand  type  oxygen  system,  or  the  diluter- 
demand  type  system  with  the  lever  of  the 
diluter-demand  regulator  set  at  “100%  OXY¬ 
GEN”  (Automix  “OFF”)  are  recommended 
for  use  as  protective  breathing  equipment. 
However,  a  continuous  flow  protective  breath¬ 
ing  qrstem  may  also  be  used.  In  any  case  the 
equipment  should  meet  the  requirements  of 
section  4b.651  (h). 

(c)  Portable  shipment  for  flight  deck  duty. 
Portable  protective  breathing  units  of  the  de¬ 
mand  type  may  be  used  to  meet  the  require¬ 
ment  of  section  4b.651  in  lieu  of  installing  a 


fixed  protective  breathing  system.  Portable 
continuous  flow  protective  breathing  units  may 
also  be  used,  but  should  not  be  used  during  fire 
fighting  in  Class  A  or  B  cargo  compartments 
since  any  unused  oxygen  escaping  from  around 
the  face  mask  might  aggravate  the  existing 
fire. 

(d)  Masks  and  goggles. 

(1)  Protective  breathing  masks  should  fit 
snugly  to  prevent  the  entry  of  noxious  gases. 
Continuous  flow  protective  breathing  masks 
should  have  no  apertures  through  which  outside 
air  could  be  drawn  into  the  system  and  should 
have  a  rebreathing  bag  of  at  least  %  liter 
capacity.  The  masks  should  be  installed  so  as 
to  be  readily  available  to  the  appropriate  crew¬ 
members.  It  should  be  possible  for  at  least  the 
pilot  or  copilot  to  maintain  ground  to  air  radio 
voice  communications  when  utilizing  the  pro¬ 
tective  breathing  masks. 

(2)  Eye  protecting  goggles  may  be  a  part 
of  or  separate  from  the  breathing  mask.  The 
goggles  should  provide  an  adequate  field  of 
vision  and  a  means  should  be  provided  to  over¬ 
come  any  unsatisfactory  fogging  tendency  of 
the  goggles.  Periodic  application  of  an  effec¬ 
tive  antifogging  agent  on  the  lens  is  a  satisfac¬ 
tory  means  of  overcoming  fogging. 

(e)  Operating  Instructions.  Operating  in¬ 
structions  appropriate  to  the  type  of  system  and 
masks  installed  should  be  provided  for  the 
flight  crew  on  placards  and/or  in  the  Airplane 
Flight  Manual. 

(15  F.  R.  8904,  Dec.  15,  effective  Jan.  1,  1951; 
amended  19  F.  R.  4466,  July  20,  1954,  effective  Sept.  1, 
1954.) 

4b.651-3  Supplemental  breathing  eguipment 
(FAA  policies  which  apply  to  sec.  4b. 651). 

(a)  Oxygen  systems. 

(1)  Either  a  continuous  flow  t3rpe  system 
which  uses  a  rebreather  type  mask  or  a  diluter- 
demand  type  system  with  the  lever  of  the 
diluter-demand  regulator  set  in  the  “NOR¬ 
MAL”  (Automix  “ON”)  position  will  satisfac¬ 
torily  provide  the  supplemental  oxygen  required 
for  protection  against  anoxia.  The  continuous 
flow  system  may  be  of  the  type  which  controls 
the  oxygen  flow  by  means  of  a  hand  adjustment 
type  regulator,  or  an  automatic  type  regulator. 

(2)  A  diluter-demand  type  system  with  the 
lever  of  the  diluter-demand  regulator  set  in  the 
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“100%  OXYGEN”  (Automix  “OFF”)  position 
or  a  straight  demand  type  system  which  uses 
a  nondiluter-demand  regulator  may  be  used  for 
supplementary  breathing  purposes  as  protection 
against  anoxia.  However,  such  use  is  not 
recommended  due  to  the  lack  of  oxygen  econ¬ 
omy  of  these  systems  when  used  to  supply 
supplementary  oxygen.  As  mentioned  in  sec¬ 
tion  4b.651-2,  either  of  these  closed  demand 
systems  is  satisfactory  for  protection  against 
toxic  gases. 

(b)  Operating  instructions.  Operating  in¬ 
structions  appropriate  to  the  type  of  system 
and  masks  installed  should  be  provided  for  the 
flight  crew  and  other  crewmembers  concerned. 

These  instructions  should  include  a  graph  or 
a  table  which  will  show  the  duration  of  the 
oxygen  supply  for  the  various  bottled  pressures 
and  pressure  altitudes. 

(17  F.  R.  11712,  Dee.  24,  1952,  effective  Jan.  31, 
1953.) 

4b.651-4  Design  considerations  for  fixed  sys¬ 
tems  {FAA  policies  which  apply  to  see.  4i>.661). 

(a)  Location  oj  outlets  and  equipment  Jor  crew¬ 
members.  Protective  breathing  equipment 
should  be  immediately  available  for  use.  It  is 
also  desirable  that  supplementary  breathing 
equipment  be  available  for  immediate  use; 
however,  the  supplemental  masks  may  be 
stowed  in  any  location  in  the  airplane  provided 
operational  procedures  require  that  supple¬ 
mental  masks  are  at  each  crewmember  location 
when  needed.  The  oxygen  outlet  should  be 
within  reach;  the  oxygen  mask  should  be  stored 
in  such  a  way  that  there  will  be  a  minimum 
delay  in  removing  it  and  putting  it  into  use. 
Provisions  for  keeping  the  masks  sanitaiy  and 
dean  are  desirable,  but  cumbersome  wrappii^ 
or  packaging  of  the  mask  which  involve  unnec¬ 
essary  effort  and  time  to  open  should  be  avoided. 
The  location  of  the  oxygen  outlet  for  a  crew¬ 
member  and  the  length  of  tubing  connecting 
the  mask  of  the  crewmember  and  his  oxygen 
outlet  should  be  such  that  the  visibility  and 
the  movement  required  of  the  crewmember  in 
the  performance  of  his  duties  are  not  impaired 
or  restricted  in  any  way.  It  should  not  be 
necessary  for  the  crewmember  to  loosen  or 
unfasten  his  seat  belt  in  order  for  him  to  obtain 
his  oxygen  equipment  and  to  put  the  system 
into  use. 


(b)  Location  oJ  outlets  Jor  passengers.  The 
operating  regulations  require  that  oxygen  be 
furnished  for  certain  percentages  of  the  pas¬ 
sengers  at  cabin  pressure  altitudes  below  15,000 
feet.  The  number  of  oxygen  outlets  need  only 
be  sufficient  to  administer  oxygen  to  the  per¬ 
centage  of  passengers  indicated  by  the  operating 
rules;  however,  it  is  desirable  in  fixed  systems 
to  provide  an  outlet  for  each  seat  to  enable  a 
crewmember  to  readily  administer  oxygen  to 
any  passenger  requiring  it.  If  this  is  not  ac¬ 
complished,  it  is  recommended  that  provision 
be  made  by  means  of  portable  equipment,  ex¬ 
tension  tubing,  or  otherwise,  to  reduce  the  prob¬ 
ability  of  having  to  move  any  passenger  who 
may  require  the  administration  of  oxygen.  At 
cabin  pressure  altitudes  above  15,000  feet  the 
operating  regulations  require  that  oxygen  be 
furnished  to  all  of  the  passengers,  in  which  case 
an  outlet  should  be  provided  for  each  seat. 
(See  also  sec.  4b.651-5  concerning  portable 
walk-around  units.) 

(c)  Line  supports.  In  a  fixed  installation,  the 
oxygen  lines  should  be  supported  to  prevent 
excessive  vibration  and  should  be  kept  clear  of 
the  airplane  structure  or  any  other  lines  as  a 
protection  against  chafing.  Supports  approx¬ 
imately  every  24  inches  along  the  length  of  the 
line  should  be  adequate. 

(d)  Shutofi  valves.  System  shutoff  valves 
should  be  accessible  in  flight  and  should  be 
installed  as  close  as  practicable  to  the  cylinders 
in  order  to  minimize  the  possibility  of  oxygen 
escape  due  to  leakage  or  damage  of  lines  be¬ 
tween  cylinders  and  valves. 

(e)  Cylinder  supports.  The  supporting 
brackets  for  all  cylinders  should  be  capable  of 
withstanding  the  inertia  forces  stipulated  under 
the  emergency  landing  conditions.  (See  sec. 
4b.260.) 

(17  F.  R.  11713,  Dec.  24,  1952,  effective  Jan.  31, 
1953.) 

4b.651-6  Portable  walk-around  oxygen  units 
(FAA  policies  which  apply  to  sec.  4b.661). 

(a)  Portable  walk-around  oxygen  units  of  the 
continuous  flow,  diluter-demand  and  straight 
demand  types  may  be  used  to  satisfy  part  or 
all  of  the  crew  or  passenger  breathing  require¬ 
ments. 

(b)  Each  portable  oxygen  unit  should  be  con¬ 
sidered  as  a  complete  oxygen  system  and  any 
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Note;  In  computing  the  supply  of  oxy¬ 
gen  for  a  given  installation,  those  opei^ 
ating  rules  of  the  Civil  Air  Regulations 
which  specify  the  amount  of  oxygen  to 
be  carried  for  operating  at  various  alti¬ 
tudes  should  be  considered. 

(b)  Flow  rates. 

(1)  The  intent  of  section  4b.651  (b)  is  to 
insure  that  for  each  oxygen  user,  a  partial 
press'jre  of  149  mm  Hg  of  oxygen  is  maintained 
in  the  inspired  air  at  a  breathing  rate  of  15 
1.  p.  m.  BTPD,  at  altitudes  up  to  25,000  feet. 
The  rates  of  flow  specified  in  Figure  4b-21  in 
Part  4b  satisfy  the  intent  of  section  4b. 651  (b) 
and  constitute  the  values  for  “F”  in  the  supply 
equation  when  there  is  no  loss  of  bottle  oxygen 
from  the  system  (including  the  mask)  when  a 
151.  p.  m.  BTPD  breathing  rate  is  maintained. 

(2)  The  oxygen  mask,  since  it  constitutes 
part  of  the  system,  will  influence  the  value  of 
“F”.  Continuous  flow  masks  with  rebreather 
bags  which  are  currently  standard  types  for 
aviation  usage  are  satisfactory  with  the  flow 
rates  indicated  by  figure  4b-2l.  Where  a 
receptacle  or  mask  design  differs  from  these, 
the  manufacturer  should  be  requested  to  supply 
information  concerning  the  flow  rate  necessary 
to  maintain  the  149  mm  Hg  partial  pressure 
at  a  15  1.  p.  m.  BTPD  breathing  rate.  If  the 
actual  mass  flow  is  greater  than  the  minimum 
required,  then  the  higher  flow  rate  should  be 
used  as  the  value  for  “F”. 

(3)  It  is  possible  that  certain  automatic 
continuous  flow  regulators  will  furnish  oxygen 
flows  in  excess  of  the  minimum  required;  in 
this  case,  the  actual  flow  rates  should  be  used 
as  the  values  for  “F”. 


regulations  or  pertinent  interpretative  material 
relative  to  oxygen  systems  should  also  be  ap¬ 
plicable  to  each  portable  unit. 

(c)  The  supporting  brackets  for  portable 
oxygen  units  should  be  capable  of  withstanding 
the  inertia  forc^  stipulated  under  the  emergency 
landing  conditions.  (See  sec.  4b.260.) 

(17  F.  R.  11713,  Dec.  24,  1952,  effective  Jan.  31, 
1953.) 

4b.651-6  Oxygen  'pressure  gage  {FAA  policies 
which  apply  to  sec.  Jib. 661  (o)).  At  least  one 
pressure  gage,  which  can  be  observed  by  a  flight 
crewmember  during  flight,  should  be  installed 
to  indicate  the  pressure  in  each  source  of  oxygen 
supply. 

(17  F.  R.  11713,  Dec.  24,  1952,  effective  Jan.  31, 
1963.) 

4b.651-7  Supply  required  Jor  continuous  flow 
supplementary  breathing  systems  (FAA  policies 
which  apply  to  sec.  4f>.651  (5)). 

(a)  Form'ulajor  computing  supply. 

(1)  In  computing  the  supply  of  oxygen  re¬ 
quired  for  a  continuous  flow  system,  the  formula 
presented  in  the  following  paragraph  may  be  used. 

S=S,-(-S,-f-  —  s„ 

Where: 

S=Total  supply  of  oxygen  required  in 

cubic  feet,  S,,  Sj, - Sn=the 

supply  of  O3  needed  for  each  of  the 
various  cabin  pressure  altitudes 
which  will  be  maintained  during 
the  flight. 

(2)  Each  of  the  above  supplies,  namely, 

Si,  S3, - Sn,  may  be  computed  as  follows: 

S=NXFxTX2.12 

S= supply  of  oxygen  required  in  cubic 
feet  (STPD).  (To  obtain  supply 
in  terms  of  cubic  feet  at  70°  F.  mul¬ 
tiply  cubic  feet  (STPD)  by  1.08.) 

N= number  of  oxygen  users. 

F=the  actual  flow  in  LPM  (STPD)  de¬ 
livered  to  each  oxygen  mask  at  the 
cabin  altitude  under  consideration. 
(See  sec.  4b.651-7  (b).) 

T=time  in  hours  at  the  cabin  altitude 
under  consideration. 

2,12=multiplying  factor  for  converting  the 
oxygen  mass  flow  from  liters  per 
minute  to  cubic  feet  per  hour. 


Note. — (1)  BTPD  signifies  gas  at  37°  C.  (body 
temperature),  ambient  pressure, 
dry. 

(2)  STPD  signifies  gas  at  0°  C.,  760 
mm  Hg,  dry. 

(17  F.  R.  11713,  Deo.  24, 1952,  effective  Jan.  31,  1953, 
revised  19  F.  R.  4467,  July  20,  1954,  effective  Sept.  1, 
1954.) 

4b.651-8  Supply  required  for  diluter-demand 
system  {FAA  policies  which  apply  to  sec.  J^b.661). 

(a)  Tests  conducted  by  the  Armed  Forces  on 
currently  available  diluter-demand  regulators 
indicate  that  some  types  deliver  more  oxygen 
than  is  required  by  figure  4b-21.  Conse- 
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quently,  in  computing  the  supply  required 
for  a  diluter-demand  system,  the  flow  char¬ 
acteristics  at  various  altitudes  should  be 
obtained  from  the  manufacturer  of  the  regu¬ 
lator.  Where  this  information  is  not  available, 
the  values  listed  in  the  following  table  may  be 
used  for  Air  Force-Navy  approved  diluter- 
demand  regulators: 


Altitude  in  feet 

Flow  per 
person 
in  LPM 
(STPD)' 

8,000  . . . 

1.  90 

10,000  . - . . 

1.  90 

isjooo . - . 

2.  10 

20,000 . 

2.  50 

25|000  . - . 

4.  10 

>  These  Tellies  are  based  on  tests  on  a  large  group  of  men  using  the 
eQutpment  at  the  altitude  specified.  The  values  listed  are  those  calcu¬ 
lated  to  completely  protect  8S  percent  of  the  population. 

(b)  The  formula  outlined  in  section  4b.651-7 
(a)  may  be  used  in  computing  the  supply  of 
oxygen  for  supplementary  breathing  purposes. 

(17  F,  R.  11713,  Dec.  24,  1952,  effecUve  Jan.  31, 
1953;  amended  19  F.  R.  4467,  July  20,  1954,  effective 
Sept.  1,  1954.) 

4b.651-9  Requirements  jor  approval  oj  oxygen 
systems  (FAA  policies  which  apply  to  sec. 
4b.651  (b)).  Prior  to  the  approval  of  an  oxygen 
system,  the  system  should  be  examined  to 
determine  that  the  flow  of  oxygen  through  each 
outlet  is  at  least  equal  to  the  minimum  required 
by  section  4b.651  (b)  at  all  altitudes  for  which 
the  aircraft  is  certificated.  This  can  be  accom¬ 
plished  by  one  of  the  following  methods  or  by 
any  other  satisfactory  procedure; 

(a)  Pressure  measurement. 

(1)  In  a  continuous  flow  system  when  the 
calibration  (inlet  pressure  vs.  flow)  of  the 
orifices  used  at  the  plug-in  outlets  is  known,  the 
pressure  in  the  low  piessure  distribution  line 
can  be  measured  at  the  point  which  is  subject 
to  the  greatest  pressure  drop.  This  should  be 
done  with  oxygen  flowing  from  all  outlets.  The 
pressure  thus  measured  should  indicate  a  flow 
equal  to  or  greater  them  the  minimum  flow 
required. 

(2)  In  lieu  of  the  above  procedure,  the 
flow  of  oxygen  through  the  outlet  which  is  sub¬ 
ject  to  the  greatest  pressure  drop  may  be 


measured.  This  should  be  accomplished  with 
all  other  outlets  open.  Gas  meters,  rotom- 
eters,  or  other  suitable  means  may  be  used  to 
measure  flows. 

(3)  The  measurement  of  oxygen  flows  in  a 
continuous  flow  system  which  uses  a  manually 
adjusted  regulator  can  be  accomplished  at  sea 
level.  However,  in  a  continuous  flow  system 
which  uses  an  automatic  type  regulator,  it  may 
be  necessary  to  check  the  flows  at  the  maximum 
altitude  which  will  be  encountered  during  the 
normal  operation  of  the  aircraft.  The  manu¬ 
facturer  of  the  particular  continuous  flow  regu¬ 
lator  being  used  should  be  able  to  furnish  data 
on  the  operating  characteristics  of  the  regulator 
from  which  it  can  be  determined  whether  flight 
tests  are  necessary. 

(b)  Availability  oJ  oxygen. 

(1)  The  checking  of  the  amount  of  oxygen 
flow  through  the  various  outlets  in  a  diluter- 
demand  or  straight  demand  system  is  not 
necessary  since  the  flow  characteristics  of  the 
particular  regulator  being  used  may  be  ob¬ 
tained  from  the  manufacturer  of  the  regulator. 
However,  in  such  systems  the  availability  of 
oxygen  to  each  regulator  should  be  checked  as 
follows: 

(i)  Turn  the  lever  of  the  diluter-demand 
regulator  to  the  “100%  OXYGEN”  position 
and  inhale  through  the  tube  via  the  mask  to 
determine  whether  the  regulator  valve  and  the 
flow  indicator  are  operating.  Deficient  units 
should  be  replaced. 

(17  F.  R.  11713,  Dec.  24,  1952,  effective  Jan.  31, 
1953.) 

4b.651-10  Means  Jor  determining  oxygen 
flow  to  crewmembers  {FAA  policies  which  apply 
to  see.  4b.651  (e)). 

(a)  Supplementary  breathing  systems. 

(1)  Where  continuous  flow  or  diluter- 
demand  systems  are  used  for  supplementary 
breathing  purposes,  each  crewmember  should 
have  an  individual  flow  indicator  for  determin¬ 
ing  oxygen  flow  or  the  operator  may  establish 
a  suitable  procedure  for  determining  oxygen 
flow  and  should  include  such  procedures  in  the 
Airplane  Flight  Manual. 

(2)  If  flow  indicators  are  used,  the  indi¬ 
cator  for  any  particular  crewmember  should 
be  located  so  as  to  be  easily  observed  by  him 
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while  he  is  at  his  crew  station.  Acceptable  flow 
indicators  are  listed  in  section  4b.651-12. 

(3)  If  a  suitable  procedure  is  to  be  used 
for  determining  oxygen  flow  in  nonpressurized 
cabin  aircraft,  the  procedure  should  include 
initial  and  periodic  checking  of  the  oxygen  flow 
by  each  crewmember  by  any  acceptable 
method.  Some  of  the  acceptable  methods  are 
described  under  section  4b.651-ll  (a)  and  (b). 
In  pressurized  cabin  aircraft  when  supple¬ 
mentary  oxygen  is  required  immediately  follow¬ 
ing  cabin  pressurization  failure,  |X)sitive  means 
for  determining  flow  under  emergency  condi¬ 
tions  should  be  established  which  would  net 
involve  delay  or  activities  which  would  interfere 
with  a  flight  crewmember's  performance  of  his 
primary  duties.  Since  utilizing  one  of  the 
methods  for  determining  oxygen  flow  permitted 
for  supplementary  breathing  equipment  de 
scribed  under  section  4b.651-ll  (a)  and  (b) 
involves  some  time  delay,  a  flight  crewmember 
could  don  his  protective  breathing  equipment 
following  a  pressurization  failure  because  with 
such  equipment  oxygen  flow  is  immediately 
apparent.  As  soon  as  some  degree  of  control  of 
the  emergency  has  been  established  and  suffi¬ 
cient  time  is  available  to  determine  oxygen  flow 
by  one  of  the  methods  mentioned  above,  he 
could  change  over  to  his  supplementary  breath¬ 
ing  equipment. 

(b)  Protective  breathing  systems.  No  flow 
indicators  are  required  in  protective  breathing 
systems  since  with  these  systems  the  lack  of 
oxygen  flow  would  be  immediately  evidenced 
by  the  oxygen  user’s  inability  to  inhale  while 
wearing  mask. 

(17  F.  R.  11714,  Dec.  24,  1952,  effective  Jan.  31, 1953; 
amended  19  F.  R.  4467,  July  20,  1954,  effective  Sept.  1, 
1954.) 

4b.651-l  1  Means  for  determining  oxygen  flow 
to  passengers  (FAA  policies  which  apply  to 
sec.  4b.651  («)).  Each  passenger  may  be  sup¬ 
plied  with  an  individual  flow  indicator  of  a  type 
specified  in  section  4b.651-12  or  the  operator 
involved  may  establish  a  suitable  procedure 
for  checking  the  oxygen  flow  to  each  oxygen 
user.  Procedures  which  utilize  the  following 
means  for  checking  oxygen  flow  to  each  user 
will  be  satisfactory. 


(a)  In  the  case  where  a  continuous  flow  sys¬ 
tem  is  used,  the  means  may  be  the  observing  of 
the  rebreather  bag  on  each  continuous  flow 
mask  i)y  a  trained  crewmember.  If  oxygen 
flow  is  occurring  the  rebreather  bag  will  con¬ 
tinue  to  expand  when  the  oxygen  user  periodi¬ 
cally  refrains  from  exhaling  when  the  bag  is 
empty  or  partially  empty,  or  in  cases  where  high 
oxygen  flows  are  occurring,  the  rebreather  bag 
may  not  empty  completely  during  normal  in¬ 
halation.  Any  alternate  method  of  checking 
oxygen  flow  may  be  used  providing  positive 
indication  of  flow  is  given.  For  example,  prior 
to  giving  a  mask  to  a  passenger,  the  crewmem¬ 
ber  may  find  it  expedient  to  feel  the  flow  of 
oxygen  at  the  oxygen  outlet  in  the  mask  or  to 
constrict  the  tubing  and  listen  to  audible  sounds 
characteristic  of  gas  flow.  If  a  listening  test  is 
employed  to  determine  the  flow  of  oxygen,  it 
should  be  demonstrated  in  flight  that  the  test 
is  satisfactory. 

(b)  In  the  case  where  a  diluter-demand  sys¬ 
tem  is  used,  the  procedure  may  be  checking  of 
the  oxygen  flow  by  a  trained  crewmember  by 
momentarily  moving  the  regulator  lever  to 
Automix  “OFF”  (100  PERCENT  OXYGEN) 
while  the  mask  is  being  worn.  Lack  of  oxy¬ 
gen  flow  will  be  immediately  evidenced  by 
the  user's  inability  to  inhale  while  wearing  his 
mask. 

(c)  The  oxygen  flow  to  each  passenger  should 
be  checked  when  the  passenger  is  first  given 
oxygen  and  at  subsequent  intervals  if  the  cir¬ 
cumstances  prevailing  at  the  time  indicate  such 
a  check  is  desirable. 

(d)  Any  crewmember  assigned  by  an  air 
carrier  for  the  performance  of  duty  on  the  air¬ 
craft  during  flight  may  check  the  oxygen  flow 
to  the  passengers  if  trained  to  do  so. 

(17  F.  R.  11714,  Dec,  24,  1952,  effective  Jan.  31, 
1953.) 

4b.651-12  Types  of  flow  indicators  {FAA 
policies  which  apply  to  sec.  4b.65l  (c)).  A  pith 
ball  flow  indicator,  vane,  or  wheel  anemometer, 
lateral  pressure  indicator  which  fluctuates  with 
changes  in  flow  or  any  other  satisfactory  flow 
indicator  may  be  used  in  a  continuous  flow  type 
system.  An  Air  Force-Navy  flow  indicator  or 
equivalent  may  be  used  in  a  diluter-demand 
type  system.  Elach  flow  indicator  should  give 
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poaitive  indication  when  oxygen  flow  is  oc¬ 
curring. 

(17  F,  R.  11714,  Dec.  24,  195^  effective  Jan.  31, 
1953.) 

4b.653  Hydraulic  $yatem$;  strength. 

(a)  Structural  loads.  All  elements  of  the 
hydraulic  system  shall  be  designed  to  with¬ 
stand,  without  detrimental  permanent  defor- 
matimi,  all  strnetnral  loads  which  may  be  im¬ 
posed  simultaneously  with  the  maximum  hy* 
draulic  loads  occurring  in  operation. 

(b)  Proof  pressure  tests.  All  elements  of 
the  hydraulic  system  shall  be  tested  to  a  proof 
pressure  of  1.5  times  the  maximum  pressure  to 
which  the  part  will  be  subjected  in  normal 
operation.  In  such  test  no  part  of  the  hydraulic 
system  shall  fail,  malfunction,  or  suffer  detri- 
meutal  deformation. 

(c)  Burst  pressure  strength.  Individual 
hydraulic  system  elements  shall  be  designed  to 
withstand  pressures  which  are  suflBciently  in¬ 
creased  over  the  pressures  prescribed  in  para¬ 
graph  (b)  of  this  section  to  safeguard  against 
ru^nre  under  service  conditions. 

Nots:  The  following  ivesstires.  In  t»ma  of  percent- 
ago  of  mnxlmnm  operating  pressure  for  the  particular 
element.  In  most  Instances  are  sufficient  to  insure 
against  rupture  in  service:  260  percent  in  nnits  nnder 
oil  pressure,  400  percent  in  nnits  containing  air  and  oil 
under  pressure  and  in  lines,  hoses,  and  fittings,  300 
percent  in  nnits  of  system  subjected  to  back  pressure. 

4b.654  Hydraulic  systems;  design. 

(a)  Pressure  indication.  A  means  shall 
be  provided  to  indicate  the  pressure  in  each 
nudn  hydraniic  power  system. 

(b)  l^essure  limiting  provisions.  Pro¬ 
vision  shall  be  made  to  assure  that  pressures  in 
any  part  of  the  system  will  not  exceed  a  safe 
linut  above  the  maximum  operating  pressure  of 
the  system  and  to  insure  against  excessive 
pressures  resulting  from  fluid  volumetric 


changes  in  all  lines  which  are  likely  to  remain 
closed  long  enough  for  such  changes  to  take 
place.  In  addition,  consideration  shall  be 
given  to  the  possible  occurrence  of  detrimental 
tranuent  (surge)  pressures  during  operation. 

(c)  Installation.  Hydraulic  lines,  fittings, 
and  components  shali  be  installed  and  sup¬ 
ported  to  prevent  excessive  vibration  and  to 
withstand  inertia  loads.  All  elements  of  the 
installation  shall  be  protected  from  abrasion, 
corrosion,  and  mechanical  damage. 

(d)  Connections.  Flexible  hose,  or  other 
means  of  providing  flexibility,  shall  be  used  to 
connect  points  in  a  hydraulic  fluid  line  between 
which  there  is  relative  motion  or  differential 
vilwation. 

4b.655  Hydraulic  system  fire  protection. 
When  flammable  type  hydraulic  fluid  is  used, 
the  hydraulic  system  shall  comply  with  the 
provisions  of  sections  4b.385,  4b.481,  4b.482, 
and  4b.483. 

4b.658  Vacuum  systems. 

(a)  Means,  in  addition  to  the  normal  pressure 
relief,  shall  be  provided  to  relieve  automatically 
the  pressure  in  the  discharge  lines  from  the 
vacuum  pump,  if  the  delivery  temperature  of 
the  air  reaches  an  unsafe  value. 

(b)  Vacuum  system  lines  and  fittings  on  the 
discharge  side  of  the  pump  which  might  contain 
flammable  vapors  or  fluids  shall  comply  with 
section  4b.483  if  they  are  located  in  a  designated 
fire  zone.  Other  vacuum  system  components 
located  in  designated  fire  zones  shall  be  fire- 
resistant. 

4b.660  Draining  of  fluids  subject  to 
freezing.  When  liquids  subject  to  freezing  are 
drained  overboard  either  in  flight  or  during 
ground  operation,  drains  shall  be  located  and 
designed  to  prevent  the  formation  of  ice  on  the 
airplane  as  a  result  of  such  drainage. 


Subpart  G— Operating  Limitations  and  Information 


General 

4b.700  Scope. 

(a)  The  operating  limitations  listed  in  sec¬ 
tions  4b.710  through  4b.723  shali  be  established 
as  prescribed  in  this  part. 

(b)  The  operating  limitations,  together  with 
any  other  information  concerning  the  airplane 


found  necessary  for  safety  during  operation, 
shali  be  included  in  the  Airplane  Flight  Manual 
(sec.  4b.740),  shall  be  expressed  as  markings 
and  placards  (sec.  4b.730),  and  shall  be  made 
available  by  such  other  means  as  will  convey 
the  information  to  the  crewmembers. 

4b.700-l  Automatic  propeller  Jeathering  op- 
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eroHng  limitations  and  injormation  {FAA  policies 
which  apply  to  sec.  4b. 700). 

(a)  All  limitations  on  the  use  of  automatic 
feathering  system,  including  flight  conditions 
when  the  system  must  be  operative  or  inopera¬ 
tive,  should  be  determined  and  noted  when 
appropriate. 

(b)  Any  placards  found  necessary  should  be 
provided  in  the  airplane. 

(c)  A  complete  statement  of  operating  limita¬ 
tions  and  instructions  for  the  use  of  the  system 
should  be  included  in  the  Airplane  Flight 
Manual. 

(d)  If  certification  is  desired  both  with  and 
without  the  feathering  system  operative,  two 
corresponding  sets  of  performance  data  properly 
identified  should  be  included  in  the  Airplane 
Flight  Manual.  (See  also  sec.  4b.  10-2.) 

(19  F.  R.  1818,  Apr.  2,  1954,  effective  Apr.  2,  1954.) 

Operating  Limitations 

4b.710  Airspeed  limitations;  general. 
When  airspeed  limitations  are  a  function  of 
weight,  weight  distribution,  altitude,  or  Mach 
number,  the  values  corresponding  with  aU 
critical  combinations  of  these  values  shall  be 
established. 

|[4b.71 1  Maximum  operating  limit  speed 
VmoIMmo-  The  maximum  operating  limit  speed 
is  a  speed,  which  shall  not  be  deliberately 
exceeded  in  any  regime  of  flight  (climb,  cruise, 
or  descent),  except  where  a  higher  speed  is 
authorized  for  flight  test  or  pilot  training  opera¬ 
tions.  This  operating  limitation,  denoted  by 
the  symbols  VuolMuo  (airspeed  or  Mach  num¬ 
ber,  whichever  is  critical  at  a  particular  alti¬ 
tude),  shall  be  established  to  be  not  greater 
than  the  design  cruising  speed  Vc  and  suffi¬ 
ciently  below  VoIMd  or  VdfIMdf  to  make  it 
highly  improbable  that  the  latter  speeds  will 
be  inadvertently  exceeded  in  operations.  The 
speed  margin  between  VuolVuo  and  VdIMdOt 
VorlMor  shall  be  determined  in  accordance 
with  either  paragraph  (a)  or  (b)  of  this  section, 
but  shall  not  be  less  than  the  margin  found 
necessary  in  flight  tests  in  accordance  with 
section  4b.l91.  (Also  see  sec.  4b.603(k) 
concerning  speed  warnings  means.) 

[(a)  The  minimum  margin  shall  be  the 
greater  of  the  values  determined  in  accordance 


with  sttbparpgraphs  (1)  and  (2)  of  this  para¬ 
graph. 

[(1)  From  an  initial  condition  of  stabilized 
flight  at  Vital Muot  the  airplane  shall  be  assumed 
to  be  upset,  flown  for  20  seconds  along  a  flight 
path  7.5  degrees  below  the  initial  path  and 
pulled  up  at  a  load  factor  of  1.5  (.5g  acceleration 
increment).  It  shall  be  acceptable  to  calculate 
the  speed  increase  occurring  in  this  maneuver, 
provided  reliable  or  conservative  aerodynamic 
data  are  used.  Power,  as  specified  in  section 
4b.l55(a),  shall  be  assumed  until  the  pnllup 
is  initiated,  at  which  time  power  reduction  and 
the  use  of  pilot  controlled  drag  devices  may 
be  assumed. 

C(2)  The  margin  shall  be  sufllcient  to  provide 
for  atmospheric  variations,  such  as  horizontal 
gusts,  penetration  of  jet  stream  or  cold  front, 
and  for  instrument  errors  and  airframe  produc¬ 
tion  variations.  It  shall  be  acceptable  to 
consider  these  factors  on  a  probability  basis, 
but  the  margin  at  altitudes  where  Muo  is 
limited  by  compressibility  effects  shall  not  be 
less  than  0.05M. 

C(b)  VuoIMmo  shall  not  be  greater  than  0.8 
VoIMd  or  0.8  VofIMofI 

[(Amendment  4b-12,  published  27  F.  R.  2986. 
Mar.  30. 1962.  effecUve  May  3. 1962.)] 

4b.713  Maneuvering  speed.  The  ma¬ 
neuvering  speed  shall  not  exceed  the  design 
maneuvering  speed  determined  in  accord¬ 
ance  with  section  4b.210  (b)  (2). 

[4b.714  Flap  extended  speeds,  Vrs.  Flap 
extended  speeds,  shall  be  established  not 
to  exceed  the  design  flap  speeds,  Vr,  chosen  in 
accordance  with  sections  4b.210(b)(l)  and 
4b.212  for  the  corresponding  flap  positions  and 
engine  powers.] 

[(Amendment  4b-12,  published  27  F.  R.  2986, 
Mar.  30,  1962,  effective  May  3,  1962.)  ] 

4b.715  Landing  gear  operating  speed 
Fu?.  The  landing  gear  operating  speed  Vu> 
shall  be  established  not  to  exceed  a  speed  at 
which  it  is  safe  to  extend  or  retract  the  landing 
gear  as  limited  by  design  in  accordance  with 
section  4b.334  or  by  flight  characteristics. 

4b.716  Landing  gear  extended  speed 
Flb.  The  landing  gear  extended  speed  Vlb 
shall  be  established  not  to  exceed  a  speed  at 
which  it  has  been  shown  that  the  airplane  can 
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b*  Mifely  flown  with  the  landiBf  gear  secnred 
in  the  telly  extended  position,  and  for  which 
the  fltraetnre  has  been  proven  in  accordance 
with  section  4b.334. 

4h.717  Minimum  control  apoed  Vmc. 
(See  see.  4b.  133.) 

4b.718  Powerplant  limitationa.  The 
flawing  powttj^ant  limitationa  shall  be  estab- 
liahed  for  the  airplane  as  applicable  for  the 
typeCs)  of  engine  (s)  installed.  They  shall  not 
exceed  the  corresponding  limits  established  as 
part  of  the  type  certification  of  the  engine 
and  propeller  installed  in  the  airplane. 

(a)  Takeoif  operation, 

(1)  Maximum  rotational  speed  (r.  p.  m.) ; 

(2)  Maximum  permissible  manifold  nres* 
sure; 

(3)  Maximam  permissible  gas  tempera¬ 
ture  for  tnrUne  engines*, 

(4)  The  time  limit  for  use  of  the  power 
which  corresponds  with  the  values  established 
in  subparagraphs  (1)  through  (3)  of  this 
paragraph; 

(5)  When  the  time  limit  established  in 
subparagraph  (4)  of  this  paragraph  exceeds  2 
minutes,  the  maximum  allowable  cylinder 
head  and  oil  temperatures;  and 

(6)  Maximum  cylinder  head  and  oil 
temperatures  if  these  differ  from  the  maximum 
limits  for  continuous  operation. 

<b)  Maximum  continuous  operation, 

(1)  Maximum  rotational  speed  (r.  p.  m.) ; 

(2)  Maximum  permissible  manifold  pres¬ 
sure;  and 

(3)  Maximum  permissible  cylinder  head, 
(dl,  and  gas  temperatures. 

[(c)  Fuel  grade  or  apeciilcation  deaigna- 
tion.  The  minimum  fuel  grade  for  reciprocating 
engines  or  the  fuel  designation  for  turbine 
engines,  required  for  the  operation  of  the  engine 
within  the  limitations  prescribed  in  paragraphs 
(a)  and  (b)  of  this  section. 

[(d)  Maximum  ambient  aimoapheric 
temperature.  The  maximum  ambient  atmos¬ 
pheric  temperature  at  which  compliance  with 
the  cooling  provisions  of  sections  4b.450 
through  4b.452  is  established.] 

[(Amendment  4li-12,  pnblished  27  F.  R.  2986, 
Mar.  M,  1962,  elTectire  Majr  3,  1962.)  J 

4b.718-l  Potoerplant  limitoHona  governing 
minimum  quantity  of  antidetonant  fluid  re¬ 


quired  for  takeoff  {FAA  policies  which  apply 
to  sec.  4f>-718).  The  Airplane  Flight  Manual 
should  include  a  limitation  indicating  that  the 
minimum  quantity  of  anti  detonant  fluid  re¬ 
quired  is  that  determined  from  section  4b.420-l 
(a)  and  (b).  If  the  performance  characteristics 
of  the  airplane  are  such  that  wet  power  is  re¬ 
quired  for  takeoff  but  may  or  may  not  be 
required  for  landing,  depending  upon  airport 
location  or  characteristics,  the  Airplane  Flight 
Manual  may  include  information  covering 
minimum  allowable  quantities  under  both 
conditions. 

(20  F.  R.  2281,  Apr.  8,  1955,  effective  Apr.  30,  1955.) 

4b.719  Airplane  weight,  center  of  gravity, 
and  weight  distribution  limitationa.  The 
airplsne  weight,  center  of  gravity,  and  weight 
distribution  limitations  shall  be  those  pre¬ 
scribed  in  sections  4b.l01,  4b.l02,  and  4b.l03. 
Where  the  airplane  is  certificated  for  more  than 
one  center  of  gravity  range,  the  appropriate 
limitations  with  regard  to  weight  and  loading 
procedures  shall  be  set  forth  in  the  Airplane 
Flight  Manual  for  each  separate  center  of 
gravity  range. 

4b.720  Minimum  flight  crew.  The 
minimum  flight  crew  shall  be  established  by 
the  Administrate  as  that  number  of  persons 
which  he  finds  necessary  for  safety  in  the  oper¬ 
ations  authorized  under  section  4b.721.  This 
finding  shall  be  based  upon  the  work  load  im¬ 
posed  upon  individual  crewmembers  with  due 
consideration  given  to  the  accessibility  and  the 
esse  of  operation  of  all  necessary  controls  by 
the  appropriate  crewmembers. 

4b.721  Types  of  operation.  The  types 
of  operation  to  which  the  airplane  is  lindted 
shall  be  established  by  the  category  in  which  it 
has  been  found  eligible  for  certification  and  by 
the  equipment  installed.  (See  the  operating 
rules  in  this  subchapter.) 

4b.722  Maximum  operating  altitude. 
A  maximum  altitude  shall  be  established  up  to 
which  operation  is  permitted,  as  limited  by 
flight,  structural,  powerplant,  functional,  or 
equipment  characteristics. 

4b.723  Maneuvering  flight  load  factors. 
Load  factor  limitations  shall  be  established  not 
to  exceed  the  positive  limit  load  factors  deter¬ 
mined  from  the  maneuvering  diagram,  figure 
4b-2.  (See  sec.  4b.211  (a).) 
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Markings  and  Placards 

4b.7S0  General. 

(s)  MsrUags  sad  placards  shall  be  displayed 
ia  c<m^^eiM»a8  places  aad  shall  be  sacb  that 
they  eaaaot  be  easily  erased,  disflgared,  or 
obseored. 

(b)  Additioaal  iaforautioa,  placards,  aad  ia- 
straaieat  aiaridags  hariag  a  direct  aad  im- 
portaat  beariag  oa  safe  operatioa  of  the  airplaae 
shali  be  required  wheu  aaosoai  desigu,  oper- 
atiag,  or  baadliag  characteristics  so  warraat. 

4b.730-l  Reverse  thrust  placards  {FAA  pol¬ 
icies  which  apply  to  sec.  4b.7SO).  The  policies 
outlined  in  section  4b.402-l  (b)  will  apply. 

(20  F.  R.  2281,  Apr.  8,  1055,  effective  Apr.  30,  1955.) 

4b.731  Instrument  markings;  general. 

(a)  When  markings  are  placed  on  the  cover 
^ass  of  the  instrament,  provision  shall  be  made 
to  maintain  the  correct  alignment  of  the  glass 
cover  with  the  face  of  the  dial. 

(b)  AD  arcs  and  lines  shall  be  of  snfficient 
wiAh  and  so  located  that  they  are  clearly  visible 
to  the  ^ot. 

4b.732  Airspeed  limitation  informa¬ 
tion.  The  airapeed  limitations  (see  sec. 
4b«741  (a))  shall  be  presented  in  such  a  manna* 
that  they  can  be  eai^y  read  and  interpreted  by 
the  flight  crew. 

4b.733  Magnetic  direction  indicator. 
A  placard  shaD  be  installed  on  or  in  close 
proximity  to  the  magnetic  direction  indicator 
which  shall  comply  with  the  following: 

(a)  The  placard  shall  contain  the  calibration 
of  the  instniment  in  a  levd  flight  attitude  vrith 
engine(s)  operating. 

(b)  The  placard  shall  state  whether  the  cali¬ 
bration  was  made  with  radio  receiver  (s)  on 
or  off. 

(c)  The  calibration  readiiq^s  shall  be  in  terms 
of  magnetic  headings  in  not  greater  than  45° 
increments. 

4b.734  Powerplant  instruments;  gen¬ 
eral.  An  required  powoidant  instruments 
shdD  be  mark^  as  foUows: 

(a)  The  maximum  and  the  minimum  (if 
i^^icable)  safe  <^«rational  limits  shaU  1^ 
nlari^ed  with  red  ra^  lines. 

(b)  The  nwmal  oporatiag  ranges  shaU  be 
auuked  with  a  green  are  not  extending  beyond 


the  maximnip  and  minimum  safe  operational 
limits.  V. 

(c)  The  takeoff  and  precautionary  ranges 
shsU  be  marked  with  a  yeUow  are. 

(d)  Engine  or  propeUer  speed  ranges  which 
are  restricted  because  of  excesave  vibration 
stresses  shaU  be  marked  with  red  arcs. 

4b.735  Oil  quantity  indicators.  Oil 
quantity  indicators  shall  be  marked  in  sufficient 
tocrements  to  indicate  readily  and  accurately 
the  quantity  of  oU. 

4b.736  Fuel  quantity  indicator.  When 
the  unusable  fuel  sujqily  fm  any  tank  exceeds 
1  gaUon  or  5  percent  of  the  tank  capacity,  which¬ 
ever  is  the  greater,  a  red  arc  shaU  be  marked  on 
the  indicator  extending  from  the  caUbrated  zero 
reading  to  the  lowest  reading  obtainable  in  the 
level  flight  attitude.  A  notation  in  the  Airplane 
Ftight  Manual  shaU  be  made  to  indicate  that  the 
fuel  remaining  in  the  tank  when  the  quantity 
indicator  reaches  zao  is  not  usable  in  flight. 
(See  sec.  4b.613  (b).) 

4b.737  Control  markings;  general.  AU 
cockidt  controls,  with  the  exception  of  the  pri¬ 
mary  flight  controls  and  other  controls  the  func¬ 
tion  of  which  is  obvious,  shaU  be  plainly  marked 
and/or  identified  as  to  their  function  and  method 
of  operation.  The  markings  shaU  include  the 
following: 

(a)  Aerodynamic  controls.  The  secondary 
aerodynamic  contr<ds  shaU  be  marked  to  com¬ 
ply  with  sections  4b.322  and  4b.323. 

(b)  Powerplant  fuel  controls. 

(1)  Controls  for  fbel  tank  selector  valves 
shaU  be  marked  to  indicate  the  position  cor¬ 
responding  with  each  tank  and  with  aU  possible 
cross-feed  positions. 

(2)  When  more  than  one  fuel  tank  is  pro¬ 
vided,  and  if  safe  opo’ation  depends  upon  the 
use  of  tanks  in  a  specific  sequence,  the  fnd 
tank  selector  controls  shall  be  marked  adjacent 
to  or  on  the  control  itself  to  indicate  the  order 
in  which  the  tanks  should  be  used. 

(3)  Controls  for  engine  selector  valves 
sbaU  be  marked  to  indicate  the  positioa  cor¬ 
responding  with  each  engine. 

(c)  Accessory  and  auxiliary  controls. 

(1)  When  a  retractable  landing  gear  is 
used,  the  visual  indicator  required  in  section 
4b.334  (e)  ahaU  be  marked  so  that  the  pilot 
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can  Mc«rtain  at  aU  times  when  the  wheels  are 
locked  in  either  extreme  position. 

(2)  Emergency  controls,  including  fuel 
jettisoning  and  fluid  shutoff  controls,  shall  be 
colored  red  and  shall  be  marked  to  indicate 
their  fhnction  and  method  of  operation. 

4b.738  MUeellaneous  markings  and  pla¬ 
cards. 

(a)  Baggage  compartments  and  ballast 
location.  Each  baggage  and  cargo  compart¬ 
ment  as  well  as  the  baUast  location  shall  bear  a 
^card  stating  the  maximum  allowable  weight 
of  contents  and,  if  applicable,  any  other  limita¬ 
tion  on  contents  found  necessary  due  to  loading 
requirements. 

(b)  Fuel  and  oil  dller  openings.  The 
fidlowing  information  shall  be  marked  on  or 
adjacent  to  the  apiwopriate  filler  cover: 

(1)  The  word  “fbel”,  the  minimum  per¬ 
missible  fuel  [grade  or  designation]  for  the 
engines  installed,  and  the  usable  fuel  tank 
capacity  (see  sec.  4b.416), 

(2)  The  word  “oil”  and  the  oil  tank  capac- 
il7* 

(c)  Emergency  exit  placards.  (See 
sec.  4b.3€2  (f).) 

(d)  Safety  equipment. 

(1)  Safety  equipment  controls  which  the 
crew  is  expected  to  <^rate  in  time  of  emer- 
goicy,  such  as  flares,  automatic  life  raft  re¬ 
leases,  etc.,  shall  be  readily  accessible  and 
plainly  marked  as  to  thdr  method  of  operation. 

(2)  When  fire  extinguishers  and  signaling 
and  othw  lifesaving  equipment  are  carried  in 
lockers,  compartments,  etc.,  these  locations 
(AaU  be  marked  accordingly. 

(e)  Airspeed  placard.  A  placard  shall  be 
installed  in  deu*  vie^-r  of  each  pilot  giving  the 
maximum  airqieeds  for  flap  extension  to  the 
takeoff,  approach,  and  landing  positions. 

[(Amendment  4b-12,  pnblislied  27  F.  R.  2986, 
Mar.  30, 1962,  effective  May  3,  1962.)J 

Airplane  Flight  Manual 

4b.740  General. 

(a)  An  Airplane  IVght  Manual  shall  be  pre¬ 
pared  by  the  andicant  for  the  type  certificate 
and  shall  be  fbmished  with  each  ai^lane  except 
wtth  those  airplanes  vdikh  specificaUy  are  not 


required  by  the  operating  parts  of  the  Civil  Air 
Regulations  to  carry  such  manual. 

(b)  The  portions  of  the  manual  listed  in  sec¬ 
tions  4b.741  through  4b.743  as  are  appropriate 
to  the  airplane  shall  be  verified  and  approved 
and  shall  be  segregated,  identified,  and  clearly 
distinguished  from  portions  not  so  approved. 

(c)  Additional  items  of  information  having  a 
direct  and  important  bearing  on  safe  operation 
shall  be  required  when  unusual  design,  operat¬ 
ing,  or  handling  characteristics  so  warrant. 

4b.740-l  Preparation  of  Airplane  Flight 
Manuals  Jor  aircraft  certificated  in  the  transport 
category  {FAA  policies  which  apply  to  sec. 
4.b.740).  The  primary  purpose  of  the  manuftl 
is  to  provide  for  the  crew  who  will  operate  the 
airplane  any  information  concerning  the  air¬ 
plane  considered  by  the  Federal  Aviation 
Agency  essential  to  or  likely  to  promote  safety 
during  such  operation.  This  will  ordinarily 
require  a  certain  amount  of  descriptive  ma¬ 
terial  concerning  those  parts  of  the  airplane 
directly  operated  or  otherwise  used  by  the 
crew,  and  understanding  by  them  of  the  nature, 
location,  and  functioning  of  which  is  therefore 
essential.  The  manual  should  also  contain,  in 
order  to  serve  this  purpose,  a  description  and 
chronological  outline  of  the  procedure  to  be 
followed  by  the  crew  during  various  phases  of 
the  operation  both  “normal"  and  "emergency" 
in  which  special  attention  and  emphasis  sho^d 
be  given  to  any  precaution  which  should  be 
observed  therein  in  the  interest  of  safety. 

Another  important  purpose  of  the  manual  is 
to  implement  the  operating  requirements  of 
Parts  40,  41,  and  42  of  this  subchapter;  i.  e.,  to 
furnish  a  source  for  all  the  airplane  information 
necessary  to  establish  the  limitations  specified 
by  those  requirements  as  well  as  that  necessary 
to  enable  the  crew  readily  to  operate  the  air¬ 
plane  within  the  limitations  so  established. 
This  purpose  requires  the  inclusion  in  the 
manual  of  all  operating  limitations  peculiar  to 
the  airplane  under  any  circumstances  likely  to 
be  encountered  during  its  life  as  well  as  informa¬ 
tion  concerning  each  of  the  items  of  performance 
involved  by  Parts  40,  41  and  42  of  this  sub¬ 
chapter  as  functions  of  weight,  eHitude,  outside 
air  temperature,  wind  velocity,  flap  setting, 
etc.,  throi^hout  the  range  of  these  variables 
for  which  it  is  desired  by  the  applicant  to 
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provide;  the  point  being  that  the  scheduled 
operation  of  the  airplane  by  an  air  carrier  will 
be  limited  to  values  of  all  such  variables  within 
the  range(s)  covered  by  information  available 
in  the  manual.  This  situation  requires  that 
the  applicant  consider  the  extent  to  which  he 
wishes  to  limit  the  usefulness  of  the  airplane 
subsequent  to  its  certification  as  a  type. 

It  may  be  noted,  concerning  the  material  to 
be  included  in  the  manual,  that  two  types  are 
involved.  The  first  of  these  is  the  operating 
limitations  which  are,  in  effect,  a  partial  state¬ 
ment  of  the  trams  upon  which  the  airworthiness 
certificate  is  issued.  Compliance  with  these 
operating  limitations  is  therefore  required  by 
law  (see  sec.  610  (a)  of  the  Federal  Aviation 
Act  of  1958  and  sec.  4b.738  (d)).  The  second 
type  of  material  is  the  performance  information, 
recommended  operating  procedures,  and  loading 
instructions,  the  observance  or  use  of  which  is 
not  l^ally  required  of  the  operator  of  the  air¬ 
plane  by  Part  4b  but  may  be  required  by 
Forts  40,  41,  and  42  of  this  subchapter.  This 
second  t3rpe  of  material  is  intended  to  convey 
information  believed  likely  to  promote  or  con¬ 
tribute  to  safety  in  operation. 

The  following  outlines  an  acceptable  arrange¬ 
ment  of  the  Airplane  Flight  Manual.  This 
policy  does  not  affect  the  status  of  manuals 
which  already  have  final  approval.  However, 
whenever  such  manuals  are  revised  for  other 
reasons,  it  is  recommended  that  the  terminology 
of  this  policy  be  incorporated  wherever  it  will 
increase  clarity  and  uniformity.  It  should  be 
noted  that  not  all  the  items  outlined  below  for 
inclusion  in  the  document  for  a  given  airplane, 
and  the  Federal  Aviation  Agency  is  desirous 
of  holding  the  dociunent  to  the  smallest  prac¬ 
ticable  amount  of  material  as  it  is  believed 
that  the  usefulness  of  the  manual  will  bear  some 
inverse  relation  to  its  physical  bulk  and  to  the 
extent  of  its  complexity.  It  is,  therefore, 
stron^y  recommended  that  great  care  be  taken 
to  prepare  it  in  the  simplest,  most  compact 
form  consistent  with  the  completeness  and 
clarity  of  presentation  of  the  necessary  informa¬ 
tion.  Also  it  is  suggested  that  consideration  be 
given  to  the  likelihood  of  revisions  and  the 
manner  in  and  ease  with  which  this  may  be 
accomplished.  Only  the  material  (listed  bdow) 
required  by  Part  4b  should  be  included  in  the 


Federal  Aviation  Agency  approved  portion 
of  the  manual.  However,  if  desired,  the  man¬ 
ufacturer  or  operator  may  add  other  data  in 
a  distinctly  separate  section  in  the  same  cover. 
The  portion  of  the  material  (outlined  below) 
that  is  to  be  approved  by  the  Federal  Aviation 
Agency  must  be  so  marked,  and  clearly  sepa¬ 
rated  from  any  other  material  so  that  no  one 
could  easily  err  in  regard  to  the  part  that  is 
approved.  The  aircraft  specification  for  the 
type  will  list  the  manual  as  an  item  of  required 
equipment  and  the  manual  must  be  made 
available  upon  request  to  any  FAA  inspector 
issuing  an  original  airworthiness  certificate 
under  the  type  certificate  in  order  that  he  may 
verify  that  the  manual  furnished  with  that  in¬ 
dividual  airplane  conforms  with  the  approved 
manual.  Since  the  manual  is  necessary  for 
safe  operation  of  the  airplane,  the  manual  is 
^  considered  to  be  public  information. 

There  is  no  objection  to  air  carrier  operators 
incorporating  the  subject  manual  in  their  own 
Operations  Manual  which  is  assigned  to  indi¬ 
vidual  crewmembers  in  lieu  of  carrying  two 
separate  manuals  provided  the  manual  which 
is  furnished  by  the  air  carrier  includes  a  separate 
and  properly  identified  chapter  which  contains 
the  manufacturer’s  issue  of  the  FAA  Approved 
Airplane  Fhght  Manual  or  a  satisfactory  repro¬ 
duction  identical  in  both  form  and  contents. 
The  Airplane  Flight  Manual  or  its  equivalent 
may,  in  lieu  of  individual  identification  by 
serial  or  N  numbers,  contain  a  list  of  the  air¬ 
planes  to  which  the  manual  is  applicable.  Such 
mammls  may  be  installed  in  the  aircraft  or  be 
issued  to  members  of  the  flight  crew.  Regard¬ 
less  of  the  procedure  in  effect,  it  is  the  air  car¬ 
rier  operator’s  responsibility  to  establish  a  sat¬ 
isfactory  system  whereby  an  up-to-date  copy 
of  the  appropriate  manual  for  the  particular 
airplane  is  readily  available  to  the  flight  crew 
during  the  operation  of  the  airplane.  Inasmuch 
as  the  subject  manual  constitutes  a  required 
item  of  equipment,  it  is  the  responsibility  of  the 
assigned  Air  Carrier  Maintenance  Inspector  to 
ascertain  that  an  appropriate  and  up-to-date 
copy,  or  its  equivalent,  is  available  to  the  crew 
at  ^  times  during  flight. 

The  page  size  for  the  Airplane  Flight  Manual 
will  be  left  to  the  decision  of  the  manufacturer, 
although  it  is  believed  that  an  8"  x  lOH"  size 
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will  probably  be  found  most  convenient  and 
this  size  is  recommended.  A  cover  should  be 
provided  and  it  should  indicate  the  nature  of 
the  contents  with  the  following  title:  “Airplane 
Flight  Manual.”  Each  page  of  the  approved 
portion  should  bear  the  notation  “FAA  Ap¬ 
proved”  and  the  date  of  issuance.  The  mate¬ 
rial  should  be  bound  in  a  semi-permanent  fash¬ 
ion  so  that  the  pages  will  not  be  lost  easily,  yet 
should  be  so  bound  that  revised  pages  can  be 
inserted.  The  aircraft  specification  will  iden¬ 
tify  the  manual,  and  when  different  types  of 
the  airplane  are  covered  in  separate  manuals, 
each  will  be  listed.  Also,  the  latest  approved 
revisions  will  be  shown  on  the  aircraft  speci¬ 
fication  when  these  changes  are  considered  to 
be  of  major  importance  to  airworthiness. 

The  Airplane  Flight  Manual  should  contain 
as  much  of  the  following  as  is  applicable  to 
the  individual  model.  It  is  suggested  that  the 
document  be  divided  into  sections  as  indicated 
in  paragraphs  (a)  through  (g)  of  this  section. 
The  sequence  of  sections  and  of  items  within 
sections  should  follow  this  outline  insofar  as 
practicable.  This  will  facilitate  revising  the 
document  when  an  airplane  is  altered  in  the 
field.  It  is  recommended  that  revisions  to  the 
manual  resulting  from  major  alterations  to  the 
airplane  be  in  the  form  of  supplements  to  the 
original  manual  with  individual  log  of  revision 
pages. 

(a)  Introduction. 

(1)  Ti&c  'page.  This  pi^e  should  include 
the  manufacturer’s  name,  airplane  model,  reg¬ 
istration  or  serial  number,  date  of  approval 
and  space  for  the  signature  of  the  Chief, 
Engineering  and  Manufacturing  Branch.  In 
addition  the  following  note  shoiUd  be  included: 
“This  airplane  must  be  operated  in  compliance 
with  the  Operating  Limitations  herein.” 

(2)  TaMe  oj  contents. 

(3)  Log  oJ  revisions.  This  page  should  be 
in  the  form  of  a  table  in  which  to  record  for 
each  revision  an  identifying  symbol,  a  date,  and 
the  page  numbers  involved.  All  revised  pages 
should  show  a  revision  date  and  a  verticd  bar 
should  be  placed  along  the  left-hand  margin  to 
indicate  the  latest  revised  portion  of  each  page. 

(b)  Operating  limitations.  The  purpose  of 
this  section  is  merely  to  state  the  limitations 
without  any  unnecenary  explanation  of  what 


they  are.  The  manual  should  point  out  that 
observance  of  these  limitations  is  required  by 
law. 

(1)  Weight  limits.  Indicate  the  range  of 
maximum  takeoff  and  landing  weight  approved 
by  means  of  a  table  or  suitable  diagram  showing 
these  weights  at  various  altitudes  throughout 
the  range  for  which  performance  information  is 
contained  in  the  manual.  State  that  airplane 
weight  in  excess  of  maximiun  landing  weight 
must  be  disposable  fuel.  State  any  other  limi¬ 
tations  on  weight.  In  addition  to  the  maxi¬ 
mum  weights  and  any  relative  information,  a 
statement  to  the  effect  that  the  airplane  must 
be  loaded  in  accordance  with  the  approved 
loading  schedule  should  be  included.  (See 
paragraph  (e)  of  this  section.)  The  following  is 
a  typical  example: 

(i)  Maximum  takeoff  weight  at  sea  level 
is  92,000  pounds. 

(ii)  Maximiun  landing  weight  at  sea 
level  is  73,000  pounds. 

Note:  This  airplane  is  to  be  operated  in 
accordance  with  the  approved  loading  schedule.  (See 
paragraph  (e)  of  this  section.)  For  maximum  permissi¬ 
ble  weights  at  various  altitudes,  see  paragraph  (d). 
Performance  Information,  of  this  section.  In  scheduled 
or  irregular  passenger  operations,  operating  weights  are 
limited  in  accordance  with  Parts  40,  41,  or  42  of  this 
Bubchapter. 

(iii)  All  weight  in  excess  of  the  maximum 
permissible  landing  weight  must  consist  of 
disposable  fuel. 

(iv)  All  weight  in  excess  of  68,000  pounds 
must  consist  of  fuel  for  structural  reasons. 

(v)  All  fuel  weight  must  be  distributed 
equally  on  both  sides  of  the  airplane.  All  main 
tanks  must  be  filled  (equally)  first,  alternate 
second,  and  then  auxiliaries.  Fuel  must  be 
used  in  reverse  order  from  fuel  loading  except 
for  takeoff,  climb  and  landing — at  which  time 
the  miun  tanks  should  be  used. 

(2)  Center  of  gravity  limits.  State  all 
authorized  c.  g.  limits  and  refer  to  (e)  of  this 
section  for  weight  and  balance  data.  All  c.  g. 
limits  should  be  given  in  inches  from  the  datiun, 
which  should  be  identified  and  in  percent  of  the 
mean  aerodynamic  chord,  with  the  landing  gear 
extended  in  all  cases. 

(3)  Powerplant.  State  all  powerplant  lim¬ 
itations;  i.  e.,  manifold  pressure,  r.  p.  m., 
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maTirnmn  time  for  use  of  takeoff  power,  cylinder 
head  and  barrel  and  oil  temperatures,  minimum 
fuel  octane  number,  etc.  Give  any  limitation 
on  r.  p.  m.  due  to  vibration,  tip  speed,  etc.; 
also  propeller  pitch,  cowl  flap  position  limita¬ 
tions,  etc.  The  items  should  be  listed  as 
follows: 

(i)  Ekgine: 

(а)  Manufacturer. 

(б)  Model. 

(c)  Propeller  drive  gear  ratio. 

(d)  Fud,  minimum  octane. 

(e)  Temperatures.  Maximum  per¬ 
missible  cylinder  head  and  oil  inlet. 

(/)  Power  limits.  Those  pven  by  the 
engine  specifioation;  i.  e.,  excluding  the  effect  of 
ram  on  critical  altitude. 

(g)  Any  limitations,  such  as  r.  p.  m. 
ranges  in  which  operation  is  prohibited  due  to 
engine  or  propeller  vibration. 

(ii)  Propellera. 

(a)  Manufacturer. 

(b)  Model  designation. 

(iii)  Instrummt  markingt.  An  explana¬ 
tion  of  the  instrument  markings  should  be  in¬ 
cluded.  A  typical  example  follows: 

(а)  Oeneral.  Bed  radial  line — Maxi¬ 
mum  and  minimum  limits.  Yellow  arc — ^Take¬ 
off  and  precautionary  ranges.  Green  arc — 
Normal  operating  ranges.  Bed  arc — Banges  in 
which  operation  is  prohibited. 

(б)  Fuel  quantity  indicator  (When  ap¬ 
plicable — ^Beference  sec.  4b.736).  Bed  arc — 
Fud  which  cannot  be  used  safdy  in  flight. 

(4)  Speed  litnUaHone.  The  speeds  and  ex¬ 
planations  of  their  significance  given  in  sub¬ 
divisions  (i)  through  (vi)  of  this  subparagraph 
should  be  induded.  Section  4b.7l0  does  specify 
whether  airspeed  limitations  should  be  ex¬ 
pressed  in  terms  of  calibrated  or  indicated 
airspeed.  However,  to  agree  with  past  practice 
it  is  siiggested  that  the  airspeed  values  be  ex¬ 
pressed  in  terms  of  calibrated  airspeed.  The 
indicated  airspeed  values  may  also  be  induded, 
but  should  be  properly  identified,  e.  g.  by 
parentheses. 

[(i)  Maximum  operating  limit  speed, 
VttolMtiO’  In  accordance  with  section  4b.741 
(a)(1),  the  manual  should  include  a  statement 


that  the  maximiun  operating  limit  speed  shall 
not  be  deliberately  exceeded  in  any  regime  of 
flight  (climb,  cruise,  or  descent),  except  where 
a  higher  speed  is  authorized  for  flight  test  or 
pilot  training  operations.] 

(ii)  [Deleted.] 

(iii)  Maneuvering  speed.  Va,  plus  a 
statement  of  its  significance,  of  which  the  follow¬ 
ing  is  an  example:  ‘‘Maximum  use”  of  the  pri¬ 
mary  flight  controls  should  be  confined  to  speeds 
below  this  value.  For  this  purpose,  “Maximum 
use”  is  defined  as  the  lesser  of  the  following: 

Budder — full  throw,  or  -  pounds  force. 

Elevator — full  throw,  or - pounds  force. 

Aileron — full  throw,  or  -  pounds  force 

with  each  hand. 

(iv)  Flaps  extended  speed.  At  least  the 
V,M  speed  determined  in  accordance  with  sec¬ 
tion  4b.714  must  be  given.  However,  when  de¬ 
sired,  speeds  for  various  combinations  of  flap 
settings  and  power  conditions  may  be  given,  the 
following  is  an  example: 

"imum  speed  Maximum 
Flap  setting  n.  p.  h.)  power 


Takeoff 

Approach. 

Landing.. 


Takeoff 

Continuous 

Takeoff 

Idling 

Takeoff 


(A  note  should  be  added  to  indicate  which 
of  the  values  is  to  be  marked  on  the  airspeed 
indicator.) 

(v)  Landing  gear  operating  speed.  Vu,, 
plus  a  statement  that  this  is  the  maximum  speed 
at  which  the  landing  gear  may  be  lowered  or 
raised. 

(vi)  Landing  gear  extended  speed.  VjM, 
plus  a  statement  that  this  is  the  maximum 
speed  with  landing  gear  extended  and  locked. 

[(vii)  CompressihUity  effects.  Where  a 
speed  limitation  (e.g.,  Mmo)  is  based  on  com¬ 
pressibility  effects,  the  manual  should  include 
information  concerning  warning  symptoms, 
probable  behavior  of  the  airplane,  and  re¬ 
covery  procedures. 

[(viii)  Airspeed  and  Mach  indicator 
markings  and  placards.  An  explanation  of  any 
markings,  limit  hands,  placards,  etc.,  provided 
in  complying  with  section  4b.732,  should  be 
included.] 
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(5)  Demonstrated  erosswind.  The  statement 
on  thin  item  should  indicate  the  maximum  cross 
component  of  wind  velocity  at  which  it  has 
been  demonstrated  to  be  safe  to  take  off  or  land. 
If  the  value  established  during  the  tests  is 
considered  the  maximum  up  to  which  it  is 
considered  safe  to  operate  the  airplane  on  the 
ground,  including  takeoffs  and  landings,  it 
should  be  entered  imder  this  item;  i.  e.,  as  a 
limitation.  However,  if  the  value  established 
is  not  considered  limiting  it  should  be  included 
as  Performance  Information,  as  outlined  in 
paragraph  (d)  of  this  section,  instead  of  a 
limitation.  In  the  case  of  flying  boats  an 
additional  maximum  cross  component  of  wind 
velocity  for  taxiing  may  be  appropriate  ma¬ 
terial.  Crosswind  should  be  based  on  reported 
wind  velocities  measiued  at  50  feet  above  the 
ground. 

(6)  Flight  load  acceleration  limits.  Flaps 

up - (at  takeoff  weight).  Flaps  down 

- (at  landing  weight). 

(7)  Type  of  airplane  operation.  A  typical 
example  would  be  as  follows: 

(i)  Transport  category. 

(ii)  Instrument  night  flying  (when  re¬ 
quired  equipment  is  installed). 

(iii)  Atmospheric  icing  conditions — 
should  stipulate  “none,  trace,  light,  moderate 
or  heavy." 

(8)  Minimum  crew.  Informatiou  should 
be  given  in  this  item  for  aU  operations  specified 
under  subparagraph  (7)  of  this  paragraph  and 
any  additional  conditions  if  desired  or  consid¬ 
er^  pertinent.  The  number  and  identity  of 
members  of  minimum  crew  necessary  to  safe 
operation  should  be  stated. 

(9)  Miscellaneous.  This  item  should  in¬ 
clude  any  information  not  given  under  the 
preceding  headings  that  is  restrictive  and  con¬ 
sidered  necessary  for  the  safe  operation  of  the 
airplane.  Some  t3q>ical  examples  are  as  foUows : 

(i)  The  wing  and  tail  anti-icing  heaters 
should  not  be  operated  in  flight  when  the 
outside  air  temperature  is  above  50**  F. 

Cfi)  Piressurized  cabin  differential  pres¬ 
sure  limits,  etc. 

(iii)  A  notation  should  be  induded  to 
warn  flight  personnd  against  jettisoning  fud 
while  the  flaps  are  lowered  unless  it  has  been 
demonstrated  that  flap  position  does  not  ad¬ 


versely  affect  fuel  jettisoning.  (See  sec. 
4b.437  (b).) 

(iv)  Propeller  reversing  to  be  used  for 
taxiing  only. 

(v)  The  windshield  temperature  limits 
or  head  adjustment  setting  should  be  specified 
if  resistance  to  bird  penetration  is  dependent 
upon  operation  within  a  particular  windshidd 
temperature  range. 

(c)  Operating  procedures — general.  This  sec¬ 
tion  of  the  manual  should  contain  information 
peculiar  to  the  airplane,  concerning  normal 
and  emergency  procedures,  knowledge  of  which 
might  enhance  the  safety  of  operation  e 
mrplane.  The  manual  should  state  tha 
procedures  are  not  made  mandatory  b>  ,  t 
4b.  However,  they  may  be  made  mandatory 
by  other  parts  of  the  regulations  such  as  Parts 
40,  41,  42,  etc.,  of  this  subchapter. 

(1)  Normal  procedures.  This  section  should 
contain  information  and  instructions  regarding 
peculiarities  of :  Starting  and  warming  engines, 
taxiing,  operation  of  wing  flaps,  landing  gear, 
automatic  pilot,  etc.  Outline  normal  procedures 
for  each,  noting  any  special  precautions  in  the 
interests  of  safety.  Describe  or  refer  to  pro¬ 
cedure  in  any  emergency  likely  to  occur  in 
each.  Also  induded  in  this  section  should  be 
instructions  for  the  operation  of  any  equipment 
that  is  considered  new  in  the  aeronautical  field 
or  comparativdy  complicated. 

(i)  A  typical  example  of  the  former 
would  be:  “Wing  flaps  should  be  exercised 
through  three  complete  cycles  prior  to  all 
initial  takeoffs.  This  operation  accomplishes 
the  automatic  bleeding  and  the  equalization  of 
pressure  to  the  eight  separate  hydraulic  flap 
actuating  (flinders." 

(ii)  Typical  examples  of  the  latter  are: 
“Recommended  operating  procedures  for  ther¬ 
mal  ice  prevention  system,  recommended 
op^ting  procedures  fca*  reversible  pitch  pro¬ 
pellers,  and  cabin  pressurization." 

(2)  Emergency  procedures. 

(i)  Engine  failure.  This  section  should 
indude  the  procedure  to  be  used  in  the  event 
of  an  engine  failure,  induding  recommended 
minimum  speeds,  trim,  operation  of  remaining 
engine(s),  etc.  A  typical  example  would  be  as 
foUows:  “ENGINE  FAILURE  ON  TAKE¬ 
OFF.  The  minimum  speed  (Fi)  at  which  the 
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Rirplane  can  be  controlled  directionally  on  the 
runway  with  an  outboard  engine  inoperative 
and  its  propeller  wiodmilling,  and  with  takeoff 
power  on  the  remaining  engines,  is  60  m.  p.  h. 
GAS.  The  minimum  speed  at  which  the  air¬ 
plane  is  controllable  in  flight  with  the  sudden 
failure  of  an  outboard  engine,  with  takeoff 
power  on  the  remaining  engines,  is  96  m.  p.  h. 
CAS.  If  an  engine  fails  during  the  ground  roll 
below  speed  Vi,  cut  the  throttles  on  all  engines 
and  apply  brakes.  If  ground  contact  has 
already  been  broken,  land  straight  ahead  if 
sufficient  runway  remains.  If  not,  retract  land¬ 
ing  gear,  maintain  full  power  on  live  engines, 
and  continue  takeoff.  Feather  the  dead  engine 
as  outlined  in  subdivision  (ii)  of  this  subpara¬ 
graph.  Use  minimum  cowl  flap  setting  on  live 
engines  to  maintain  cylinder  temperatures 
within  limits.  Retrim  airplane  as  necessary. 
Speed  for  best  climb  under  these  conditions  is 
115  m.p.h.  CAS.  See  paragraph  (d)  Perjorm- 
anee  information,  of  this  section  for  criterion 
and  Vi  speeds  used  in  determining  the  runway 
lengths.” 

(ii)  Propeller  feathering.  This  section 
of  the  manual  should  outline  the  procedure  to 
be  followed  in  stopping  the  rotation  of  propd- 
lers  in  flight.  A  typical  procedure  is  outlined 
liolow* 

(o)  Throttie— “CLOSED.” 

(6)  Push  feathering  switch  button. 
When  propeller  blades  are  fully  feathered  the 
button  will  kick  out  automatically. 

(e)  Mixture  control — “IDLE  CUT¬ 
OFF.” 

(d)  Fuel  and  oil  fire  wall  shut-off 
switches — “OFF”  (closed). 

(e)  Cowl  flaps— “CLOSED.” 

Cf)  Fuel  booster  pump — “OFF.” 

(g)  Tank  selector  for  engine  being 
feathered — “OFF”.  (Do  not  shut  tank  selector 
“OFF”  if  crossfeed  is  being  used.) 

(A)  Ignition  for  dead  engine — “OFF.” 

(i)  Propeller  pitch  control — “FULL 
DECREASE  RPM.” 

(iii)  AvtonuiHe  propeller  feathering. 

(iv)  Unusual  procedures.  Information 
on  any  emergency  procedures  that  are  consid¬ 
ered  unusual  or  in  which  a  specific  sequence  of 
events  are  required  to  accomplish  the  operation 
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satisfactorily  should  be  specified.  Some  typical 
examples  are  as  follows: 

(а)  All-engine  go-around  when  it  is 
recommended  practice  to  retract  the  flap  prior 
to  retracting  the  gear  resulting  from  a  design 
condition  in  which  the  flap  creates  more  drag 
than  the  landing  gear. 

(б)  Fire  control  procedures. 

(c)  Emergency  cabin  depressurization. 

(d)  Emergency  landing  gear  extension. 

(e)  Emei^ency  brake  operation. 

(/)  Fuel  dumping. 

(p)  EHeetrieal.  In  addition  to  other 
electrical  items,  the  manual  should  specify  the 
circuits  in  which  overriding  breakers,  if  any, 
are  used  and  contain  instructions  concerning 
operation  of  both  overriding  and  non-over- 
riding  types.  The  following  is  a  typical  ex¬ 
ample:  “All  circuit  breakers  are  of  the  non-over- 
riding  type  except  the  fuel  booster  pumps  and 
propeller  feathering  circuits.  In  an  emergency, 
the  breakers  in  these  two  circuits  may  be  held 
closed  with  the  possible  risk  of  fiire  hazard  due 
to  short  circuits,  etc.  Discretion  should  also 
be  used  in  repeatedly  resetting  non-overriding 
breakers  due  to  the  fact  that  resetting  may 
reestablish  an  arc  and  increase  the  fire  hazard.” 

(A)  Emergency  by  day  and/or  night. 

(t)  Flare  release  procedure. 

(j)  Wheels  up  landing  procedure. 

(A)  Ditching  procedure. 

(3)  (Xher  special  operating  procedures  {if 
any). 

(4)  AUemaie  operating  procedures.  After 
gaining  a  large  amount  of  experience  with  a 
particular  model  airplane,  some  operators  may 
develop  various  operating  procedures  that  they 
consider  equivalent  or  better  than  some  of  those 
originally  described  in  the  manual.  If  an  oper¬ 
ator  wants  to  incorporate  new  procedures  in 
the  Aiiplane  Flight  Manual,  the  operator  should 
apply  to  the  FAA  office  in  the  region  where  he 
is  located  for  approval  of  the  alternate  proce¬ 
dures  in  the  same  manner  that  he  would  nor¬ 
mally  use  in  the  case  of  a  structural  change  or 
alteration.  The  local  FAA  regional  office  wiU 
coordinate  the  application  with  the  FAA  re¬ 
gional  office  containing  the  airplane  technical 
data  file  if  the  proposed  change  in  procedure  is 
considered  to  be  of  sufficient  importance. 
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Q)  For  aeKedvUd  air  carrier  operators 
only.  For  greater  flexibility  and  to  avoid  dupli- 
oatioii  of  instructionB  to  pilots  when  operators 
desire  to  incorporate  Airplane  Flight  Manual 
Operating  Procediires  in  their  operations  man¬ 
uals  or  devise  their  own  operating  procedures, 
the  FAA  will  permit  the  removal  of  the  Operat¬ 
ing  Procedures  Section  from  the  Airplane  Flight 
Manual  by  sdieduled  air  carrier  operators 
provided  the  operators  include  the  same  or 
equivalent  mat^ial  in  their  operations  manual 
and  at  the  same  time  assume  full  responsibility 
of  proving  the  equivalency  of  any  new  or  altered 
proceduree  if  called  upon  to  do  so  by  the  FAA 
in  connection  with  airplane  accident  investiga¬ 
tions,  etc.  When  the  Operating  Procedures 
Section  is  removed  from  the  Airplane  Flight 
Manual  by  an  operator,  an  appropriate  notation 
to  this  effect  should  be  added  to  the  Airplane 
Flic^t  Manual  of  each  airplane  affected. 

In  accordance  wi&  the  foregoing,  the  follow¬ 
ing  statement  should  be  included  under  the 
Operating  Procedures  Section  of  the  Airplane 
Fli^^t  Manual  when  the  Operating  Procedure 
Section  is  transferred  verbatim  from  the  Air- 
iflane  Flight  Manual  to  the  air  carrier  opera¬ 
tions  manual: 

'The  airplane  operating  procedures 
prescribed  by  section  4b.742  ‘Operating  Proce¬ 
dures*  are  induded  in . 

(Show  nanoM  to  aitproiirhto 


•MilOB  o(  ttw  Mr  (HTlor  opontkwo  inaaDal) 

If  an  air  carrier  operator  desires  to 
reword  or  restate  the  FAA  approved  operating 
procedures  or  establish  new  or  alternate  oper¬ 
ating  procedures  without  obtaining  prior  ap¬ 
proval  of  these  procedures  from  the  FAA,  the 
following  additional  statement  should  be  in- 
duded  with  the  above  statement: 

“Where  the  proceduree  in  the  air 
carrier  operations  manual  differ  from  those 
contained  in  the  FAA  Approved  Airplane 
Fli^t  Manual  for  this  airplane, . . 

(Nmm  «l  Mr  CKrier  opmtar) 

has  determined  that  equivalent  safety  is 
provided  by  such  alternate  procedures  and 
assumes  full  reqwnribility  for  this  determina- 
tiOD." 

Ji  for  any  reason  the  alternate  operating 
prooeduies  become  inapplicable  or  inappropriate 
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to  the  operation  of  the  airplanes  affected,  the 
original  FAA  Approved  Operating  I*rocedures 
Section  should  be  reinserted  in  the  Airplane 
Flight  Manual  in  order  that  the  contents  of  the 
manual  will  revert  to  the  same  text  as  originally 
approved  by  the  FAA. 

(d)  Performance  information.  This  section 
should  contain  all  the  performance  information 
necessary  to  implement  the  operating  require¬ 
ments  of  Part  40  of  this  subchapter,  and  to 
operate  the  airplane  safely. 

(1)  Introductory  information.  This  should 
indude  any  general  information  or  any  pertinent 
descriptions  of  the  conditions  under  which  the 
performance  data  were  determined.  The  fol¬ 
lowing  examples  are  considered  typical  and 
appropriate: 

(i)  All  climb  data  are  for  standard 
atmospheric  conditions. 

(ii)  The  minimum  effective  takeoff  run¬ 
way  lengths  given  in  this  section  are  defined  as 
the  longer  “accelerate-etop  distance”  and  the 
distance  required  to  takeoff  and  clear  a  50-foot 
obstade  with  one  engine  becoming  inoperative 
at  speed  Vy. 

(a)  The  accelerate-etop  distance  is 
the  distance  required  to  accelerate  the  airplane 
from  a  standing  start  to  the  speed  Vy,  and 
assuming  an  engine  to  fail  at  this  point,  to  stop. 

(()  The  takeoff  distance  is  defined  as 
the  sum  of  the  following:  Distance  to  accderate 
to  speed  Vy  vrith  all  engines  operating,  distance 
to  accelerate  from  speed  Vy  to  speed  Vt  with 
one  engine  inoperative  and  propeller  wind¬ 
milling  in  low  pitch  (it  is  assumed  that  gear 
retraction  is  initiated  at  the  end  of  this  s^ment) , 
and  the  horizontal  dbtance  traveled  in  climbing 
to  a  hei^t  of  50  feet  at  speed  Vt  with  one 
engine  inoperative.  (It  is  assumed  that  propd- 
ler  feathering  is  not  commenced  prior  to  the 
end  of  this  segment.) 

(e)  Speed  Vy  is  defined  as  the  critical 
engine  failure  speed  and  is  a  speed  at  which  the 
controllability  has  been  demonstrated  to  be 
adequate  to  permit  proceeding  safely  with  the 
takeoff  when  the  critical  engine  is  suddenly 
made  inoperative.  The  minimum  Vy  speed  for 
this  airplane  is  60  m.  p.  h.  CAS  (airspeed  cali¬ 
bration  should  indude  ground  effect),  however, 
as  explained  bdow,  speeds  in  excess  of  this  value 
were  used  in  detennining  the  runway  lengths. 
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(d)  Speed  Vt  is  defined  as  the  minimum 
takeoff  c^b  speed  and  is  the  greater  of  the 
following:  1.15  times  the  power-off-stalling 
•peed  with  the  flaps  in  the  takeoff  position 
(asauming  a  four-engine  airplane).  1.10  times 
the  minim Iim  control  Speed,  Vac- 

(e)  The  minimum  control  speed,  Vj/e, 
»  defined  as  the  minimum  speed  at  which  the 
airplane  is  controllable  in  fli^t  with  the  sudden 
failure  of  an  outboard  engine  with  takeoff 
power  on  the  remaining  engines. 

(f)  All  runway  lengths  given  in  this 
manual  are  based  upon  optimiun  Vi  speeds;  i.  e., 
the  speed  selected  for  Vi  is  such  that  the  ac- 
celerate-stop  distance  is  equal  to  the  distance  to 
dear  a  fifty  foot  obstade  with  one  engine 
becoming  inoperative  at  this  speed.  Conse¬ 
quently,  Vi  varies  with  weight,  altitude,  wind, 
gradient,  temperature,  etc.  Values  for  Vj  for 
the  various  conditions  are  ^ven  under  (2)  below. 

(g)  All  takeoff  and  landing  distances 
are  given  for  dry,  concrete  runways. 

(h)  If  the  maximum  cross  component 
of  wind  vdodty  in  which  landings  and  takeoffs 
were  demonstrated  was  not  considered  limiting, 
it  should  be  induded  in  this  section  of  the 
manual.  A  typical  example  would  be  as 
follows:  “The  maximum  crosswind  component 
in  which  this  airplane  has  been  tested  is  20 
m.  p.  h.  measured  at  a  height  of  50  feet  above 
the  ground.  Consequently,  in  determining  the 
effective  takeoff  and  landing  runway  lengths, 
a  crosawind  component  greater  than  this  value 
may  not  be  used.” 

(2)  Performance  data.  These  data  may  be 
given  in  either  graphical  or  tabular  form  and 
should  cover  the  weight  range  and  all  airport 
and  terrain  altitudes  at  which  the  airplane  is 
intended  to  be  operated.  The  scale  of  the 
diarts  should  permit  accurate  reading  within 
i4>proximatdy  0.25  of  one  percent.  The  follow¬ 
ing  should  be  induded: 

(i)  Airspeed  ealibration.  This  should 
be  given  for  the  normal  and  alternate  static 
sources.  Ground  effect  should  be  induded  for 
Vt  q>eed  range.  (A  plot  of  CAS  vs.  IAS  at 
various  flap  positions,  preferably  on  one  page.) 

(ii)  AIHmeta^  ealilatitum.  This  should  be 
given  for  the  normal  and  alternate  static  source. 

Oii)  Stalling  speeds.  A  table  or  diagram 
calibrated  stalling  speeds  at  various  weigb^ 


at  all  authorized  flap  settings,  power-off  should 
be  given. 

(iv)  Oross  weight  summary.  A  summary 
of  permissible  operating  landing  and  takeoff 
gross  weights  as  limited  by  the  climb  or  struc¬ 
tural  requirements  should  be  provided. 

(v)  Minimum  takeof  runway  length. 
Unless  optimum  values  of  Vi  are  selected, 
establishing  equal  distances  to  accelerate  to 
speed  Vt  and  stop  or  to  make  a  takeoff  over  a 
50-foot  obstacle  with  the  critical  engine  becom¬ 
ing  inoperative  at  speed  Vt,  inclusion  of  both  the 
accelerate-etop  distance  and  runway  length 
required  to  takeoff  and  dear  a  50-foot  obstade 
will  be  necessary.  It  is  recommended  that  these 
data  be  given  for  a  range  of  temperatures  (see 
sec.  4b.ll7)  and  runway  gradients  sufficient  to 
permit  proper  dispatching  under  the  rules  of 
Part  40  of  this  subchapter,  etc.,  in  addition  to 
the  standard  day  temperature  data. 

(vi)  Takeoff  information.  Takeoff  flight 
paths  through  the  final  climb  s^ment,  flight 
path  dope  or  data  supplementary  to  that 
obtained  in  subdivision  (v)  of  this  subparagraph 
that  may  be  used  for  dispatching  purposes 
should  be  induded.  These  should  be  for  the 
same  range  of  temperatures  (see  sec.  4b.ll7) 
and  runway  gradients  as  subdivision  (v)  of  this 
subparagraph. 

(vii)  Minimum  takeoff  climb  speed,  V«. 
This  speed  should  be  listed  for  the  range  of 
weights,  altitudes  and  conditions  covered  in 
subdivisions  (v)  and  (vi)  of  this  subparagraph. 
The  distance  to  accderate  to  these  speeds 
should  also  be  induded  to  provide  data  neces¬ 
sary  for  gradient  problems  involving  runways 
with  variable  gradients  of  sufficient  magnitude 
that  average  gradients  cannot  be  assumed. 

(viii)  Critical  engine  failure  speed,  Vi. 
This  speed  or  speeds  Vt  for  the  range  of  weights, 
altitudes  and  conditions  covered  in  subdivisions 
(v)  and  (vi)  of  this  subparagraph  if  applicable 
should  be  given.  The  distances  to  accelerate 
to  these  speeds  shodd  also  be  included  to  pro¬ 
vide  data  necessary  for  gradient  problems  in¬ 
volving  nmways  with  variable  gradients  of 
sufficient  magnitude  that  average  gradients  can¬ 
not  be  assumed. 

(ix)  Minimum  runway  length  required 
for  landing.  With  respect  to  this  item,  the 
following  data  would  be  considered  appropriate: 
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Ti^nHitig  distance  from  height  of  50  feet.  Mini¬ 
mum  effective  landing  runway  length — sched¬ 
uled  stops.  (See  Part  40  of  this  subchapter.) 
Minimum  effective  landing  runway  length — 
alternate  stops.  (See  Part  40  of  this  sub¬ 
chapter.) 

(x)  Wind  effect  in  landing  and  takeoff. 
If  it  b  desired  to  take  advantage  of  wind  in 
determining  landing  and  takeoff  distances  all 
data  should  be  based  upon  wind  velocities 
reported  at  a  height  of  50  feet  above  the  run¬ 
way;  i.  e.,  the  runway  length  would  be  calcu¬ 
lated  for  one-half  of  the  reported  headwind 
velocity,  or  one  and  one-hai!f  times  the  reported 
tailwind  velocity,  measured  at  a  height  of  50 
feet  corrected  for  wind  gradient  to  the  height 
of  the  center  of  aerodynamic  drag  of  the  a^- 
plane.  A  note  clearly  stating  the  above 
stipulations  should  be  included  in  the  manual. 

(xi)  Hades  of  climb  and  climbing  speeds. 
These  rates  and  speeds  should  be  specified  for 
the  desired  range  of  weights  and  altitudes, 
together  with  the  corresponding  airplane  con¬ 
figuration  (flap  position,  gear  position,  etc.), 
and  should  be  given  for  the  following  when 
applicable: 

(а)  First  s^;ment  takeoff  climb  (sec. 

4b.l20  (a)). 

(б)  Second  s^meut  takeoff  climb  (sec. 

4b.l20  (b)). 

(c)  Third  segment  takeoff  climb  (sec. 

4b.ll6  (d)). 

(d)  Final  s^ment  takeoff  dimb  (sec. 

4b.ll6  (e)). 

(e)  One-engine  inoperative  en  route 

dimb  (sec.  4b.l20  (c)). 

(/)  All-engine  en  route  climb  (sec. 

4b.ll9  (a)). 

Iff)  Two-engine  inoperative  en  route 

dimb  (sec.  4b.l21). 

(A)  Approach  dimb  (sec.  4b.l20  (d)). 

(t)  Landing  climb  (sec.  4b.  119  (b)). 

(xii)  Engine  power  curve.  A  copy  of  the 
FAA  approved  power  chart  of  BHP  vs.  MP 
at  BPM  and  BHP  vs.  altitude  at  RPM  and  at 
MP  should  be  induded. 

(xiii)  Performance  charts.  Any  instruc¬ 
tions  or  examples  for  use  of  the  p&rtormaace 
charts  should  be  induded. 

(xiv)  Eemoval  of  performance  data.  The 
Performance  Section  of  die  Airplane  Flight 
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Manual  should  not  be  removed  from  the  Air¬ 
plane  Flight  Manual.  However,  any  tables, 
charts,  etc.,  that  an  air  carrier  operator  pre¬ 
pares  which  are  based  on  airplane  flight  manual 
performance  material  for  convenience  in  deter¬ 
mination  of  load  limitation  data  need  not  be 
carried  in  the  Airplane  Flight  Manual  even 
though  approved  by  the  FAA  if  the  operator 
does  not  care  to  do  so. 

(e)  Weight  and  balance  data. 

(1)  General.  Inasmuch  as  it  is  desired  to 
eliminate  the  necessity  of  submitting  revisions 
of  the  Airplane  Flight  Manual  to  the  FAA  for 
approval  whenever  an  item  of  equipment  is 
altered  or  added,  this  section  of  the  manual 
will  not  be  induded  in  the  formally  “approved” 
portion  of  the  document.  However,  a  note  to 
the  effect  that  the  airplane  should  be  operated 
in  accordance  with  the  approved  loading 
schedule  should  be  included  in  the  Limitations 
section.  (See  paragraph  (b)(1)  of  this  section.) 

(2)  Responsibility  for  control  of  weight  and 
balance.  It  is  the  intention  of  the  Federal 
Aviation  Agency  to  place  the  responsibility 
for  the  control  of  weight  and  balance  with  the 
manufacturer  and  operator.  The  manufacturer 
will  furnish  a  weight  and  balance  report  for 
each  new  airplane  which  may  be  included  in  the 
manual  but  not  in  the  “approved”  portion. 
The  Federal  Aviation  Agency’s  representative 
will  not  approve  each  individual  report  but  will 
make  only  occasional  spot  checks  to  ascertain 
that  the  manufacturer’s  weight  control  pro¬ 
cedure  is  adequate.  The  manufacturer  will  be 
expected  to  furnish  complete  information  with 
the  airplane  not  only  regarding  its  actual  weight 
and  balance,  but  also  to  include  sketches, 
samples  and  other  data  that  will  assist  the 
operator  in  checking  the  balance  after  altera¬ 
tions. 

(3)  Conventional  airplanes.  The  following 
material  is  believed  to  be  complete  and  ade¬ 
quate  for  a  conventional  airplane. 

(i)  Weight  limits.  A  list  and  explanation 
(where  necessaiy)  of  the  various  weight  limits 
should  be  given. 

(ii)  C.  O.  limits.  The  approved  operat¬ 
ing  c.  g.  range  should  be  specified. 

(iii)  Empty  weight  and  empty  weight 
c.  g.  location. 
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(iy)  Equipment  M.  All  eqmpment  in¬ 
cluded  in  the  empty  weight  should  be  listed. 

(y)  WtigM  eomputations.  The  computa¬ 
tions  neceesary  to  determine  the  empty  weight 
0.  g.  location,  including  identification  of  balance 
datum  should  be  shown. 

(yi)  Loading  sehedvie. 

(yii)  Loading  seh^uUinsirueiions.  Com¬ 
plete  instructions  in  the  use  of  the  loading 
schedule  should  be  provided. 

(4)  Uneonventional  airplanee.  In  the  case 
of  unconyentional  airplanes  or  airplanes  with 
special  features,  the  information  specified  in 
subparagraph  (3)  of  this  paragraph  should  be 
modified  or  amplified  as  necessary  to  cover  the 
case. 

(f)  SuppUmente.  As  a  general  rule,  when 
major  alterations  are  made  by  an  operator  (or 
owner)  to  an  airplane  inyolving  appreciable 
changes  to  the  Airplane  Flight  Manual  it  is 
adyisable  for  the  operator  to  prepare  a  separate 
supplement  to  the  original  manual  imder  his 
own  name  coyeiing  the  items  that  are  different 
from  the  original  manual.  Then  subsequent 
reyisions  to  the  manual  by  the  manufacturer  or 
operator  will  pertain  only  to  their  respectiye 
portions  of  the  manual  and  should  eliminate 
possible  confusion. 

(g)  Svhmidal.  Three  copies  of  the  aboye 
material,  less  the  Weight  and  Balance  Data 
Section,  should  be  submitted  to  the  appropriate 
Federal  Aviation  Agency  regional  office  by 
the  applicant  for  an  original  approval.  The 
three  copies  will  be  signed  by  the  regional 
Chief,  Engineering  and  Manufacturing  Branch; 
one  copy  will  be  returned  to  the  applicant,  one 
will  be  forwarded  to  the  Washington  office  and 
the  other  retained  by  the  r^onal  office.  A 
single  copy  of  the  title  page  to  be  used  for  the 
Chief’s  signature  may  be  substituted  for  the 
applicant’s  copy  if  desired.  In  cases  where 
the  revisions  to  the  manual  are  of  primary 
importance  to  safety  in  flight,  the  pertinent 
Aircraft  Specification  will  contain  a  description 
of  the  change  to  ensure  that  all  manuals  are 
revised.  A  revision  of  this  type  would  usually 
by  the  subject  of  an  Airworthiness  Directive 
note.  One  copy  of  the  Weight  and  Balance 
Section  should  be  included  in  the  manual  by 
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the  applicant  for  each  airplane  at  the  time  of 
certification. 

(16  P.  R.  1052,  Feb.  6,  1951,  effective  Feb.  6,  1951; 
amended  19  F.  R.  4446,  July  20,  1954,  effective  Sept, 
1,  1954;  23  F.  R.  7482,  Sept.  26,  1958,  effective  Oct.  20, 
1958;  27  F.  R.  2986,  Mar.  30,  1962,  effective  May  3, 
1962.) 

4b.740-2  Reisrae  thrust  operating  limitations 
and  procedures  {FAA  policies  which  apply  to 
see.  4b. 7 40).  The  policies  outlined  in  section 
4b.402-l  (b)  will  apply. 

(20  F.  R.  2281,  Apr.  8,  1956,  effective  Apr.  30  1956.) 

4b.741  Operating  limitations. 

(a)  Airspeed  limitations.  The  following 
airspeed  limitations  shall  be  included  together 
with  sufficient  information  to  permit  the 
presentation  of  the  airspeed  limitations  to  the 
flight  crew  in  accordance  with  section  4b.732; 

[(1)  The  maximum  operating  limit  speed 
VuolMuo  (see  see.  4b.711),  together  with  a 
statement  that  this  speed  limit  shall  not  be 
deliberately  exceeded  in  any  regime  of  flight 
(climb,  cruise,  or  descent),  except  where  a 
higher  speed  is  authorized  for  flight  test  or 
pilot  trailing  operations.] 

(2)  p>eleted.] 

(3)  When  an  airspeed  limitation  is  based 
upon  compressibility  effects,  a  statement  to 
this  effect,  togethm*  with  information  as  to  any 
symptoms,  the  inrobable  behavim  of  the  air¬ 
plane,  and  the  recommended  recovery  pro¬ 
cedures; 

(4)  The  maneuvering  speed  (see  sec. 
4b.210  (b)  (2)),  together  with  a  statement  to 
the  effect  that  full  application  of  rudder  and 
aUeron  controls  as  well  as  those  maneuvers 
which  involve  angles  of  attack  near  the  stall 
should  be  confined  to  speeds  below  this  value; 

(5)  The  flap  extended  speed  (see  sec. 
4b.714),  together  with  a  description  of  the 
pertinent  flap  positions  and  engine  powers; 

(6)  The  landing  gear  operating  speed  (see 
sec.  4b.715),  together  with  a  statement  to  the 
effect  that  this  is  the  maximum  speed  at  which 
it  is  safe  to  extend  or  retract  the  landing  gear; 

(7)  The  landing  gear  extended  speed  (see 
sec.  4b.716),  if  greater  than  the  landing  gear 
operating  speed,  together  with  a  statement  to 
the  effect  that  this  is  the  maximum  speed  at 
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wUeh  the  air^ane  ean  be  flown  safely  with 
the  landing  gear  in  the  extended  podtion. 

(b)  Powerplant  limitationn.  Information 
■hall  be  included  to  ontline  and  to  explain  all 
powendant  limitations  (see  sec.  4b.718)  and 
to  pm’mlt  marking  the  instruments  as  required 
by  sections  4b.734  through  4b.736. 

(c)  Weight  and  loading  diatribution. 
The  airplane  wdghts  and  center  of  gravity 
Unilts  required  by  sections  4b.  101  and  4b.  102 
shall  be  included,  togethm*  with  the  items  of 
equipment  on  which  the  empty  wmght  is  based. 
Where  the  variety  of  poi^ble  loading  con* 
ctttions  warrants,  instructions  shall  be  included 
to  facilitate  observance  of  the  limitations. 

(d)  Flight  load  acceleration  limita.  The 
posiflve  maneuvering  limit  load  factors  for 
uUch  the  airplane  structure  has  been  proven 
abaii  be  described  in  terms  of  accderations, 
together  wifli  a  statement  to  the  effect  that 
flicse  accelerations  fimit  the  angle  of  bank  in 
turns  and  limit  the  severity  of  pnll*np  ma* 
nenvers. 

(e)  Flight  crew.  The  number  and  fbnc- 
tiona  ed  the  minimum  flight  crew  determined 
la  accordance  with  section  4b.720  shall  be 
described. 

(f)  Tgpe  of  operation.  The  type(8)  of  op* 
eration(s)  shall  be  listed  for  which  the  airplane 
aad  Its  equipment  installations  have  been  ap* 
proved.  (Sm  see.  4b.721.) 

(g)  Maximum  operating  altitude.  The 
altitude  established  in  accordance  with  section 
4b.722  shall  be  indnded,  together  with  an 
ttxpiaaation  of  the  fimiting  factors. 

[(AmeadmeBt  4b-12,  pabOshed  27  F.  R.  2986, 
Mar.  SO,  1962,  effective  Map  S,  1962.)] 

4b.742  Operating  procedurea, 

(a)  Normal,  Information  and  instructions 
shall  be  indnded  regarding  peculiarities  of 
starting  and  wanning  the  engines,  taxiing, 
<9«ation  et  wing  flaps,  landing  gear,  auto* 
matic  pilot,  etc. 

(b)  One  engine  inoperative.  The  recom* 
milled  procedure  shall  be  described  to  be 
foUowed  in  the  event  ei  engine  failure,  includ¬ 
ing  miaimum  speeds,  trim,  operation  of  remain¬ 
ing  aigine(s),  (deration  of  fops,  etc. 

(c)  Propeller  feathering.  The  recom¬ 
mended  procedure  shall  be  described  to  be 


followed  in  stopinng  the  rotation  of  propdlers 
in  flight 

(d)  Reatarting  of  turbine  enginea.  The 
recommended  procedures  to  be  followed  in 
restarting  turbine  engines  in  flight  shall  be 
described.  These  procedures  shall  include  the 
effects  of  altitude. 

(e)  Emergency  procedurea.  Recommended 
emergency  procedures  shall  be  described  to 
be  followed  in  the  event  of  fire,  decompres* 
Edon,  ditching,  etc. 

4b.743  Performance  information. 

(a)  Performance  data.  A  summary  of  all 
pertinent  performance  data  shall  be  given,  in¬ 
cluding  the  performance  data  necessary  for 
the  application  of  the  operating  rules  of  this 
subchapter,  together  with  descriptions  of  the 
conditions,  airspeeds,  etc.,  under  which  these 
data  were  determined. 

(b)  Flap  controla.  Instructions  shall  be 
included  describing  the  use  and  adjustment 
of  the  flap  controls  necessary  to  obtain  the 
performance  referred  to  in  paragraph  (a)  of 
this  section. 

(c)  Airapeeda.  The  indicated  airspeeds 
corresponding  with  those  determined  for  take¬ 
off  shidl  be  listed  together  with  the  procedures 
to  be  foUowed  in  the  event  the  critical  engine 
becomes  inoperative  during  takeoff  (see  sec. 
4b.742  (b)). 

(d)  Mh*.ellaneoua.  An  explanation  shall 
be  includeu  of  any  significant  or  unusual  flight 
mr  ground  handling  charactoistics. 

Airplane  Identification  Data 

4b.750  Identification  plate.  A  fireproof 
identification  plate  shall  be  securely  attached 
to  the  structure  in  an  accessible  location  where 
it  will  not  likely  be  defaced  during  normal 
service.  The  identification  plate  shall  not  be 
placed  in  a  location  where  it  might  be  expect¬ 
ed  to  be  destroyed  or  lost  in  the  event  of  an 
accident.  The  identification  plate  shall  con¬ 
tain  the  identification  data  required  by  section 
1.50  of  this  snbchapter. 

4b.751  Identidcation  marka.  The  na¬ 
tionality  and  registration  marks  shall  be 
pm’manently  affixed  in  accordance  with  section 
1.100  of  this  snbchapter. 
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Summary  of  Appendixes 

APPENDIX  A  contains  figures  1  through  9  which  pertain  to  Civil  Aeronautics 
Manual  material.  The  figures  pertaining  to  the  Civil  Air  R^ulations  are 
included  in  that  text. 

APPENDIX  B  contains  a  list  of  the  tests  normally  required  to  show  compli¬ 
ance  with  the  regulations  (see  sec.  4b.l6-2  (a)  (2)).  The  tests  are  divided 
into  the  following  four  groups;  (1)  Performance,  (2)  Flying  qualities,  (3) 
Powerplant  tests,  and  (4)  Functional  and  miscellaneous  tests.  Each  item 
is  referenced  to  its  appropriate  regulation.  These  regulations  are  given  in 
numerical  order  in  the  text  along  with  policy  material  and  testing  pro¬ 
cedure  for  demonstrating  compliance  with  the  subject  requirement. 

APPENDIX  C  is  a  sample  of  typical  flight  test  programs  that  would  be  neces¬ 
sary  to  substantiate  changes  in  the  airplane  configuration,  such  as  change 
in  propeller,  engine  power,  aerodynamic  drag,  etc.  Obviously,  a  hard  and 
fast  rule  cannot  be  set  up  to  handle  every  case,  and  the  required  test 
program  will  vary  depending  upon  the  conditions  surrounding  each  case 
as  well  as  a  consideration  of  any  maiginal  conditions  existing  in  the  original 
d3sign  (see  sec.  4b.l6-2  (a)  (5)). 

AI PENDIX  D  presents  a  general  order  of  testing  that  has  been  found  con- 
ve  iient  from  past  experience  in  flight  testing.  This  is  presented  only  as 
a  gmeral  guide  (see  sec.  4b.l6-2  (b)). 

APPENDIX  E  has  been  prepared  to  facilitate  the  development  of  a  flight  t  st 
schedule,  by  grouping  the  individual  tests  according  to  weight  and  center- 
of-gravity  location  (see  sec.  4b. 16-2  (c)  (1)). 

APPENDIX  F  contains  a  list  of  only  those  tests  requiring  special  instrumenta¬ 
tion  and  a  description  of  pertinent  instrument(8)  (see  sec.  4b.  16-2  (c)  (2)). 

APPENDIX  G  contains  Special  Civil  Air  Regulations  pertinent  to  Part  4b. 

APPENDIX  H  CO  itains  procedures  which  are  acceptable  to  the  FAA  for 
showing  compl  ance  with  the  fatigue  evaluation  requirements  of  Civil 
Air  Regulation  4b.270. 

APPENDIX  I  gives  environmental  test  procedures  for  electrical  equipment. 


Abbreviations  Used  in  Appendixes 


Alt. — ^Altitude 

Appr. — ^Approadi 

App. — ^Appropriate 

C.  Q. — Center  of  Gravity 

Crit. — Critical 

Eng. — ^Engine 

EJxt. — ^Elxtended 

Feath. — ^Feathered 

F.T.— Full  Throttle 

Fwd. — ^Forward 

Biop. — ^Inoperative 

Land. — I^anding 

Long. — ^Longitudinal 

Max.  Cont. — Maximum  Continuous 

M.  P. — ^Manifold  Pressure 

OAM  4> 


M.  P.  H. — Miles  per  Hour 

O.  A.  T, — Outside  Air  Temperatures 

Oper. — Operating 

Opt. — Optional 

Prop. — Propeller 

R/C — Rate  of  Climb 

Req’d. — Required 

Retr. — Retracted 

Stab. — Stability 

Stat. — Static 

Temp. — Temperature 

Thrott. — Throttle 

T.  O.— Takeoff 

Wt. — Weight 
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CaM  A. — This  case  may  be  used  when  it  is  possible 
to  eonduot  stalling  speed  tests  at  the  e.  g.-weight  com¬ 
binations  in  options  (1)  or  (2)  below  provided  the  teet 
weif^ts  are  within  the  tolerance  limits  of  4b.  100-1  (b) 
(2)  for  both  maximum  takeoff  and  minimum  landing 
weights.  In  this  case,  stalling  speeds  for  all  flap  posi¬ 
tions  may  be  calculated  for  the  performance  weight 
range  from  the  stall  test  data  at  these  weights. 

OtnoK  (1) — For  dimb  regutremente  based  on  lUtUing 
tpeed  at  tno$t  forward  e.  g,  potition. 

(a)  Tests  may  be  conduct^  at  o.  g.-weight  combina¬ 
tion  only,  that  is,  point  “B”. 

(b)  In  lieu  of  (a)  tests  should  be  conducted  at  c.  g.- 
weight  combination  points  "A”  and  “C”. 

OraoM  (2) — For  dimb  reguirtmenit  booed  on  etaUing 
opood  earying  with  c.  g.  poaiHon. 

(a)  Tests  should  be  conducted  at  c.  g.-weight  com- 
Mnation  points  “A",  "C",  and  "D”,  in  order  to 
adequately  establish  the  variation  of  stalling  speed 
with  e.  g.  position. 


Case  B. — This  case  should  be  used  when  the  test 
weights  shown  in  Case  A  do  not  fall  within  the  tolwance 
limits  of  4b.l00-l  (b)  (2)  for  both  maximum  takeoff 
uid  minimum  landing  weights.  In  this  case  stalling 
speeds  for  the  retracted,  en  route,  and  takeoff  flap 
should  be  calculated  for  the  entire  performance  weight 
range  from  the  stall  test  data  of  the  highest  weight 
tested,  and  stalling  speeds  for  the  approach  flap  should 
be  calculated  for  the  entire  performance  weight  range 
from  stall  (r  t  data  at  the  lower  weights  tested.  Stall¬ 
ing  speeds  for  the  landing  flap  should  be  calculated  for 
the  entire  performance  weight  range  from  stall  test 
data  at  both  weights.  Note. — Both  weights  are  neces¬ 
sary  in  this  latter  case  since  the  en  route  climb  require- 
mmit  is  based  on  stall  speed  for  the  landing  flap  setting 
and  appropriate  weight. 

Option  fl) — For  dimb  reguiremente  bated  on  etaOing 
tpeed  at  mod  forward  e.  g.  potition. 

(a)  Tests  may  be  conducted  at  two  o.  g.-weight  com¬ 
binations,  that  is,  points  “B”  and  “D”. 

(b)  In  lieu  of  (a)  tests  should  be  conducted  at  e.  g.- 
weight  combination  points  “A",  “C”,  and  “D". 

Option  (2) — For  dimb  requirementa  baaed  on  ataUing 
apead  varying  with  c.  g.  potition. 

(a)  Tests  should  be  conducted  at  three  or  more 
equally  spaced  c.  g.-weight  combinations  between 
points  “A”  and  *‘D’’  in  order  to  adequately  estab¬ 
lish  the  variation  of  stalling  speed  with  c.  g. 
position. 

(22  F.  R.  6792,  July  20, 1957,  effective  Aug.  15, 1957.) 
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Figure  2.— Wind  gradient  correction. 


Figure  4. — Altimeter  positioii  error. 
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Fig.  5 


SINGLE  WRAP 


- - 

double  wrap 

Figure  5.-Tnri»bttcUe  safety  wiring. 

tambiiekle).  ^  wrapped. 

The  two  loose  ends  of  wire  i  are 
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ngvc  t. — Reference  eye  position. 


906 


appendix  a 


^SSS2SSSSS 


-tmh 


tro'ir 


{>« .  r— 

]^iUoi)  located  on  "3  c/ino^’’*  ^ 

about  the  centre!  micia  radius 

•PProprtete 


«*!«»■«  ««  of 
VSartlcel  enclea  *i.d 

eree  not  defined  /■' 

»»a3e  anas  de«i«Ki  w  ***‘> 

alrable  but  not  squired. 


Clew  wees  of  Walon. 


PROPER  HCTHOD  FOR  MtASURING  thPROPER  fiCrHOO  FOR  MtOtORlMO 

POST  PROJECTED  WIDTH-  POST  pnojeCTRQ  WIDTH. 


Figure  8. — ObatrncUon  to  viaion. 


CAM  4b 


APPENDIX  A 


Fig.  9 
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NOTES 

O.  O.  shoald  be  In  tbe  meet  aft  podthm  for  demonstration  wttb  raveraa  thrust  propelkr.  '  Propeller  should  be  In  feathered  position  If  antomatie  leatherinc  deTlee  Is 

Tests  InrolTlnc  takeoff  power  may  be  demonstrated  usint  marfmnm  eosittnnoas  power  If 
ts  are  run  at  a  Sower  power  to  determine  efieeta  of  sUpatream. 
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Powwi^ant  Tests 
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Appendix  C 

Suggested  Flight  Programs  for  Approval  of  Changes  in  Airplane 

Configuration 

The  following  assumes  that  an  airplane  has  been  type  certificated  in  the 
transport  category,  and  that  a  change  is  made  affecting  the  operating  charac¬ 
teristics  of  the  airplane.  Suggested  general  flight  programs  are  given  for 
common  type  of  changes.  This  is  to  be  used  as  a  guide  only  since  individual 
cases  may  require  additional  or  fewer  tests  than  those  listed. 


1.  Tests  Affected  by  Clumge  in  PropeUer 

liemt 

Teat  Deaeriptien 

5 

Accelerate  to  Fj  cut  one  engine  and  continue  acceleration  to  F* 

6(b) 

Climb — second  T.  0.  s^ment 

6(e) 

Climb — en  route — all  engines 

6(g) 

Climb — en  route — two  en^es  inoperative 

6(h) 

Climb — approach 

6(i) 

Climb — ^landing 

10 

Minimum  con^l  speed 

29(b) 

Propeller  operation 

35 

Cooling  tests 

36 

Time  to  feather  propeller 

45(i) 

Propeller  pitch  and  speed  limitations 

2.  Tests  Affected  by  Change  in  Power  Atfcng 


Item* 

Teit  DeteripHm 

2  (a) 

Critical  altitude — takeoff  power 

2(b) 

Critical  altitude— max.  cont.  power 

5 

Accelerate  to  Vi  cut  one  engine  and  continue  acceleration  to  Ft 

6(b) 

Climb— 2d  T.  0.  segment 

6(e) 

Climb — en  route — all  engines 

6(g) 

Climbs — two  engines  inoperative 

6(h) 

Climb — approach 

6(i) 

Climb— landing 

8(f) 

Control— sudden  changes  in  power 

9  (c) 

Control  20**  banked  turns 

10 

Minimum  control  speed 

15 

Trim  2  engines  inoperative 

30 

Cooling  climb — ^max.  cost. 

31 

Cooling — takeoff 

CAM  4b 
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3.  Tests  Affected  by  Addition  of  a  Major  Drag  Item  (Such  as  External  Tank) 

Itenu  Ttti  Deteription 

3  Stalling  speeds 

5  Accelerate  to  Vi  cut  engine  and  continue  acceleration  to  Vi 

6  (a)  CUmb — takeoff  first  s^ment 

6  (e)  Climb — en  route — all  engines 

6  (g)  Climb — en  route — 2  engines  inoperative 

6  (h)  Climb — ^approach 

6  (i)  Climb — landing 

8  (h)  Control — ^variation  in  airspeed 

27  Flutter  and  vibration 


4.  Tests  Affected  by  Change  in  Engfnea 

lUnu  Test  Deteription 

2  (a)  Critical  altitude — T.  O.  power 

2  (b)  Critical  altitude — max.  cont.  power 

5  Accelerate  to  Vi,  cut  one  engine  and  continue  acceleration  to  Vt 

6  (b)  Climb,  2d  T.  O.  s^;ment 

6  (e)  Climb— en  route — all  engines 

6  (g)  Climb — two  engines  inoperative 

6  (h)  Climb — approach 

6  (i)  CUmb — landing 

8  (f)  Control — sudden  changes  in  power 

9  (c)  Control  20°  banked  turns 

10  Minimum  control  speed 


Trim  2  engines  inoperative 
Carburator  air  heat  use 
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A  General  Order  of  Testing 

Onfer  Test  Description  Item 

1 .  Airspeed  and  altimeter  calibrations _  1, 42 

2.  Stall  speeds _  .3 

Engine  calibration _ 2 

3.  Minimum  control  speed.. _  10 

4.  Enj^e  cooling . . . . 35 

5.  Ground  speed  calibration,  accelo^ate  and  stop, 

accelerate,  landing  tests,  and  reverse  thrust 
propeller  control - - 1,4,5,7,12 

6.  Climb  tests . . . . . 6  (a)  through  6  (i) 

7.  Fuel  system  openitidh  imd  carburetor*  ^Mt 

rise . . . 30,31,36 

8.  Control  tests - - 8  (a)  through  8  (i),  9  (a) 

through  9  (d),  11,  26 

9.  Stall  characteristics _ _ _ 24  (a),  24  (b),  26 

10.  Trim  characteristics  and  static  longitudinal, 

directional  and  lateral  stability. . 13,  14  (a)  through  14  (c), 

15, 16, 17, 18, 19, 20  (a), 
20(b),21,22(s}throu^ 
22  (c),  23,  28 

11.  Flutter  and  vibration _ _ 27 

12.  Fuel  jettisoning - - 40  (a)  through  40  (c) 

13.  Ebchaust  system,  flare  operation,  pneumatic 

boots,  landing  gear,  brakes,  propeller  feather¬ 
ing,  and  miscellaneous  functional . . 41  (a),  41  (b),  44,  43, 

37  (a),  37  (b\  38,  39,  45 
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Transport  Categt^  (Part  4b)  Flight  Tests  Grouped  According  to  Wei^t 

and  C.  G.  Ckmditions 

DEFINITIONS 

1.  Takeoff  weight — The  iwATimnin  takeoff  weight  at  sea  level. 

2.  lAnHing  weight — The  TtiftTiTnnni  landing  weight  at  sea  level. 

8.  Low  weight — A  specific  weight  either  lower  than  maximum  takeoff  or 
maximum  landing. 

4.  Optional  weight — ^Any  weight  that  the  manufacturer  elects  to  use. 

6.  Appropriate  weight — Appropriate  to  the  airplane  configuration;  i.  e.,  take¬ 
off  or  landing. 

6.  Forward  c.  g. — The  wiftTiiniim  forward  center  of  gravity  for  which  approval 

is  desired.  If  the  manufacturer  desires  to  obtain  approval  for  center  of 
gravity  limits  varying  with  weight,  he  may  (1)  make  the  test  at  the  nomi¬ 
nal  weight  at  the  most  forward  c.  g.  regardless  of  weight,  or  (2)  make 
the  critical  tests  at  both  the  nominal  weight  and  its  forward  center  of 
gravity  limit  and  at  the  weight  which  gives  the  most  forward  center  of 
gravity. 

7.  Aft  c.  g. — The  maTitniiTn  aft  center  of  gravity  for  which  approval  is  desired. 

See  5. 

8.  Optional  c.  g. — Any  center  of  gravity  that  the  manufacturer  elects  to  use. 

WEIGHTS 

The  test  numbers  listed  below  correspond  to  the  item  numbers  in  Appendix  B 

1.  Takeoff  weight 

a.  Forward  c.  g. — 4,  5,  13,  14  (a),  14  (c),  16 

b.  Aft  c.  g.— 8  (a),  8  (b),  9  (c),  10,  13,  14  (c),  19,  20  (a),  20  (b),  22  (a) 

through  22  (c),  23,  24,  25,  26,  27 

c.  Optional  c.  g. — 6  (a)  through  6  (f),  35,  40  (a)  through  40  (c) 

2.  Landing  weight 

a.  Forward  c.  g. — ^3,  7,  8  (c)  through  8  (i),  9  (b),  9  (d),  13,  14  (b),  14  (c), 

16,  17,  38 

b.  Aft  c.  g.— 8  (a),  8  (b),  9  (^),  13,  14  (c),  17,  18,  22  (a)  through  22  (c), 

23,  24,  26 

c.  Optional  c.  g. — 6  (h),  6  (i),  8  (c)  through  8  (i) 

3.  Low  weight 

a.  Forward  c.  g. — 4,  5,  7  * 

b.  Aft  c.  g. — None 

c.  Optional  c.  g. — 6  (a)  through  6  (f),  6  (g)  (2  wgts.),  6  (h),  6  (i) 

4.  Optional  weight 

a.  Forward  c.  g. — None 

b.  Aft  c.  g. — None 

c.  Optional  c.  g.— 1,  2  (a),  2  (b),  21,  27,  28,  29  (a),  29  (b),  30,  32,  36, 

37  (a),  37  (b),  39,  41  (a),  41  (b),  42,  43 


*H<at  erltioal  o.  (.  ibonld  ba  ated  it  dcmonttnUoiii  in  to  b«  nade  mini  nvme  tbniit. 
CAM  4b 
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Instrumentation  Summary 

1.  Perfomumce  Tests 


turn 

Tut  DueripHon 

Special  InatrumantoHon 

1 

Airspeed  calibration. 

Reference  airspeed  system. 

Ground  speed  calibration. 

May  be  conducted  in  conjunction 
with  instrumentation  for  item  4. 

2 

Engine  calibration. 

Humidity  indicator. 

8 

Stalling  speeds. 

Reference  airspeed  system,  instru¬ 
ment  photo-recorder. 

4 

Accel,  to  Vi  and  stop. 

Graphically  recording  vertical  and 
horizontal  distance-time  instrumen¬ 
tation,  wind  velocity  and  direction 
meteorological  instrumentation,  hu¬ 
midity  indicator. 

5 

Accel,  to  V». 

Same  as  for  item  4. 

6  (a)  thru 
6(i) 

Climbs. 

Humidity  indicator. 

7 

landings. 

Same  as  for  item  4. 

2.  flying  Qualities 

lUm 

7W  Dtteripfion 

Special  Inetrumentaiion 

9  (a)  and 

Control'-sudden  changes 

Rudder  force  indicator. 

9(b) 

in  heading. 

10 

Minimum  control  speed. 

Rudder  force  indicator. 

17  thru 

Static  IcHigitudidal 

Elevator  stick  force  indicator  and,  if 
required,  elevator  deflector  indicator. 

22(a), 

Directional  and  lateral 

Rudder  control  force  indicator. 

22  (b),  and 
22  (c) 

stability. 

24 

Stalls. 

Angle-qf-attack  indicator,  acceler¬ 
ometer;  swivel  static  and  shielded 
total  pressure  head ;  altimeter ;  pitch 
and  bank  angle  indicator;  elevator 
poution  and  force  indicator;  aileron 
and  rudder  position  indicator. 

25 

Stalls — one  engine  out. 

Rudder  control  force  indicator  re¬ 
quired  only  when  rudder  control 
forces  are  critical. 

26 

Control — takeoff  and 

Wind  velocity  and  direction  measure¬ 

landing  in  crosswind. 

ment  instrumentation. 

OAX  ^ 
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3.  Power  Plant  Teats 

/tm  Tt$t  DueripHom  Special  Instrumentation 

35  Cooling  teats.  Temperature  indicators  for  critical 

head,  base,  oil  inlet,  coolant  tem¬ 
peratures. 

36  Carburetor  air  heat  rise.  Temperature  indicator  for  carburetor. 

4.  Functkmal  and  Miaoellaneons  Tests 

Item  Test  Description  Special  Instrumentation 

41  (a)  Exhaust  system — car-  Carbon  monoxide  detection  indica- 

bon  monoxide.  tor. 

42  Altimeter  calibration.  Instrument  for  precisely  determining 

airplane  elevation. 
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SPECIAL  aVIL  AIR  REGULATION  NO.  SR-^389B 

Effective:  January  30,  1959 
Adopted:  December  2A 1958 

Emergency  Exita  lor  Airplanea  Carrying  Paaaengen  lor  Hire 

Special  CItU  Air  RcgaUtioii  No.  SR-388A,  cffoctiTC  Septenber  18, 
1967,  saporaedcd  Special  Ciril  Air  Regulation  No.  SR-389.  All  of  the  pro- 
viakM  of  SR<389  were  retained  in  SR-389A.  Howerer,  the  latter  special 
regolation  as  amended  on  October  17,  1957,  ctmtained  an  addition  to  the 
ocenpant/exit  table  which  permitted  the  Visconnt  700  series  airplanes  to 
carry  58  occnpdnts  when  7  exits  were  provided. 

Special  Civil  Air  Rcgnlation  No.  SR-388,  effective  October  27,  1952, 
superseded  Special  Civil  Air  Regulation  No.  SRp-387.  Except  for  correct¬ 
ing  some  ndnor  errors  with  reqiect  to  the  number  of  exits  authorised  by 
the  Civil  Aermiauties  Administrathm,  there  was  no  difference  between  the 
two  qiedal  r^rnlations. 

Special  Civil  Air  Rcgnlation  No.  SR-387,  effective  October  27,  1962, 
was  adopted  in  order  to  make  applicable  to  the  then  operating  tranqMrt 
airplanes  more  stringent  rules  regarding  the  number  of  occupants  per¬ 
mitted  per  exit  SR-387  required,  among  other  things^  that  all  large  air¬ 
planes  (more  than  12,500  pounds  ntaximum  certificated  takeoff  wdi^t) 
comply  with  dther  section  4b.302  (a),  (b),  and  (c)  of  Part  4b  ot  the  Civil 
Air  Regulations  as  amended  by  Aniendment  4b-4  effective  December  20^ 
1951,  or  with  the  q^edfic  requirements  set  up  in  SR-387.  Subsequently,  the 
IMwvishms  of  seetim  4b.362  (a),  (b),  and  (c)  of  Part  4b  were  revis^  by 
Amendment  4b-5,  effective  April  9, 1957. 

Special  CivU  Air  Regulation  No.  SR-389A  permits  the  airplanes 
listed  in  the  occupant/exit  table  to  carry  additional  occupants  if  addi¬ 
tional  exits  are  provided,  except  Uiat  in  no  case  shall  more  titan  8  addi¬ 
tional  occupants  be  carried  for  any  one  additional  exit.  The  preamble 
to  Civil  Air  Regulations  Draft  Release  No.  58-11  stated  that  the  intent 
of  this  provision  was  that  no  more  than  8  additional  occupants  could  be 
authorised  if  the  most  effective  exit  for  emergency  evacuation  were  pro¬ 
vided,  which,  by  reference  to  the  rule  proposed  in  the  draft  release,  is 
seen  to  be  one  comparable  to  a  Type  I  exit  as  prescribed  in  secthm  4bi62. 
As  herein  set  fortii,  it  is  intmided  that  as  many  as  8  additional  occupants 
may  be  authorised  with  the  addition  of  an  exit  of  reasonably  high  effec¬ 
tiveness  and  that  a  lesser  number  of  occupants  would  be  authorised  with 
the  addition  oi  a  leas  effective  exU.  For  the  purpose  -tf  tills  r^fulation, 
H  has  been  established  tiiat  the  addition  of  an  exit,  a^roximating  a 
Type  n  or  IV  exit  as  prescribed  iu  seetkm  4b.362,  would  possibly  permit 
tiw  addition  of  8  occupants.  This  relaxatiwa  over  the  rule  proposed  in 
Draft  Release  58-11  wss  prmnpted  1^  comments  reedved  to  the  draft  re¬ 
lease  and  the  fact  that  a  number  of  airplanes  had  already  reedved 
praval  to  carry  8  additimial  occupants  with  the  addition  of  an  exit  conn 


CAM  4b 


231 


SR-389B 


APPENDIX  G 


CAM  4b 


pumble  to  a  Typo  IV  twsed  on  the  Administrator’s  interpretation  of  SR- 
38hA.  JiutiBcatimi  for  the  relaxation  is  based  upon  the  current  require- 
moitB  of  section  4h.3d2(c)  wherein  it  may  be  seen  that  for  the  addition 
of  a  Tyv  IV  exit  on  each  side,  an  increase  of  30  passengers  m  permitted. 
While  such  a  ratio  is  not  advocated  for  airplanes  covered  by  this  special 
r^Tvlfttion  because  of  other  factors  considend  in  establishing  these  values 
for  section  4b.362,  permitting  8  occupants  to  be  added  for  a  Type  IV  exit 
represrats  a  more  reasonable  and  realistic  view  than  that  proposed  in 
Draft  Release  58-11.  Therefore,  it  is  expressly  provided  herein  that  since 
the  effectiveness  of  the  exit  varies  with  the  type,  size,  and  location,  8 
additional  occupants  shall  be  authorized  only  when  an  exit  comparable 
to  a  Type  II  or  a  Type  IV  exit  as  prescribed  in  section  4b.362  is  provided. 

Special  Civil  Air  R^ulation  No.  SR-389A  does  not  contain  provisions 
regarding  the  required  reduction  in  occupancy  when  the  number  of  exits 
is  reduced.  In  order  to  cover  such  cases,  it  is  provided  herein  that  upon 
removal  of  any  exit  the  maximum  number  of  occupants  shall  be  reduced 
by  at  least  8. 

The  occupant/exH  table  has  been  modified  by  listing  the  ‘T.-KMS  Se¬ 
ries”  in  lien  of  the  ”L-1049,”  and  the  ”CV-340  and  CV-44(r  in  lien  of  the 
“CV-StO.” 

Interested  persons  have  been  afforded  an  opportunity  to  participate 
in  the  making  of  this  regulation  (23  FJt.  3275),  and  due  consideration 
has  been  given  to  all  relevant  matter  presented. 

In  consideration  of  the  foregoing,  the  Civil  Aeronautics  Board  hereby 
nmkes  and  promulgates  the  following  Special  Civil  Air  Regulation,  effec¬ 
tive  Jannaiy  30, 1959. 

1.  Contrary  provisions  of  the  Civil  Air  Regulations  notwithstanding, 
no  large  airplane  (more  than  12,500  pounds  maximum  certificated  take-off 
weight)  while  carrying  passengers  for  hire  shall  be  operated  with  occu¬ 
pants  in  excess  of  the  number  permitted  by  applying  the  provisions  of 
section  4b.302  (a),  (b),  and  (c)  of  Part  4b  of  the  Civil  Air  Regulations 
as  amended  by  Amendment  4b-5,  effective  April  9,  1957,  except  that  air¬ 
plane  types  listed  in  the  following  table  may  be  operated  with  the  listed 
maximum  number  of  occupants  (including  all  crew  members)  and  the 
listed  correevonding  number  of  exits  (including  emergency  exits  and 
doors)  heretofore  approved  by  the  Administrator  for  emergency  egress 
of  passengers. 

2.  Additional  occupants  above  the  values  listed  in  the  table  may  be 
carried  if  additional  exits  are  provided,  except  that  in  no  case  shall  more 
than  8  additional  occupants  be  carried  for  any  one  additional  exit.  For 
the  addition  of  exits  comparable  to  at  least  a  Type  II  or  Type  IV  exit 
as  prescribed  in  section  4b.362,  a  maximum  of  8  additioual  occupants  may 
be  authorized  and  for  exits  not  comparable  to  at  least  a  Type  II  or  Type 
IV  exit,  the  Administrator  after  consideration,  among  other  factors,  of 
the  type,  size,  and  location  of  the  exit,  may  authorize  a  lesser  number 
oi  additional  occupants. 

3.  For  airplanes  which  have  a  ratio  (as  computed  from  the  table  in 
this  special  regulation)  of  maximum  number  of  occupants  to  number 
of  exits  greater  than  14:1  and  for  airplanes  which  do  not  have  installed 
at  least  one  full-rize  dooi>type  exit  in  the  side  of  the  fuselage  in  the 
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rearward  portion  of  the  cabin,  the  first  additional  exit  approved  by  the 
Administrator  for  increased  occnpancy  shall  be  a  fioor-level  exit  not  less 
than  24  inches  wide  by  48  inches  high  located  in  the  side  of  the  fuselage 
in  the  rearward  portion  of  the  cabin.  In  no  case  shall  an  occupancy 
greater  than  115  be  allowed  unless  there  is  such  an  exit  on  each  side  of 
the  fuselage. 

4.  The  maximum  number  of  occupants  authorized  (listed  in  the  table) 
diall  be  reduced  where  the  number  of  approved  exits  is  less  than  that 
shown  in  the  table.  The  reduction  in  the  maximum  number  of  occupants 
for  each  exit  eliminated  shall  be  determined  by  the  Administrator  taking 
due  account  of  the  effectiveness  the  remaining  exits  for  emergency 
evacuation,  except  that  the  maximum  number  of  occupants  shall  be  re¬ 
duced  by  at  least  8  for  each  eliminated  exit.  In  no  case,  when  exits  are 
deleted,  shall  the  resulting  ratio  of  occupants  to  exits  be  greater  than 
14:1,  and  there  shall  be  at  least  one  exit  on  each  side  of  the  fuselage 
irrespective  of  the  number  of  occupanta 


Airplane  type 

Maziniuni 
number  of 
oceapanta 
ineindiag  all 
crew  membera 

Cerreaponding 
nnmber  of 
exlta  anther- 
iaed  for  paa- 
aenger  nae 

B-S07 . . . 

61 

4 

B-877 . . . . 

96 

9 

C-46 . . . . . 

67 

4 

Cy-240 . . . . 

53 

6 

Cy-S40  and  CV-440 . . . 

53 

6 

DC-3 . . . . 

35 

4 

DC-3  (Super) . . . . 

39 

5 

DC-4 . . 

86 

5 

DC-6 . . . . . . 

87 

7 

DC-6B*... . . . . . . 

112 

11 

L-18 _ _ 

17 

3 

L-049,  L-649,  L-749 _ 

87 

7 

L-1049  soies _ _  _ 

96 

9 

M-202 _ _ 

53 

6 

M-464 _ _ 

53 

7 

yisconnt  700  series _ 

53 

7 

*The  DC-SA,  if  converted  te  ■  peeaenger  transpert  conSguration,  will  be  governed  bp  tbe 
ntaxImnM  nnnber  ap^cable  te  the  DC-4B. 


This  r^fulation  supersedes  Special  Civil  Air  Regulation  No.  SR-389A 
as  amended  by  Amendment  No.  1  and  shall  remain  effective  until  super¬ 
seded  or  rescinded  by  the  Bmurd  or  the  Administrator  of  the  Federal 
Aviation  Agency,  as  appropriate. 
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AMENDMENT  I  TO  SPECIAL  CIVIL  AIR  REGULATION  NO.  SR-389B 

Effective:  September  11,  1959 
Adopted:  September  11,  1959 

Emergency  Exits  for  Airplanes  Carrying  Passengers  for  Hire 

Special  Civil  Air  Regulation  No.  SR-^9B,  adopted  by  the  Civil  Aero* 
nautica  Board  on  December  24,  1958,  and  effective  January  30, 1959,  speci¬ 
fied  in  part  that  no  large  airplane  while  carrying  passengers  for  hire 
shall  be  operated  with  occupants  in  excess  of  the  number  permitted  by 
applying  the  provisions  of  section  4b.362  (a),  (b),  and  (c)  of  Part  4b 
of  the  Civil  Air  Regulations  as  amended  by  Amendment  4b-5  effective 
April  9,  1957,  except  for  those  airplanes  listed  in  the  table  in  SR-389B. 
Special  Civil  Air  Regulations  SR-389A,  which  preceded  SR-389B,  con¬ 
tained  a  similar  provision  but  referred  to  Amendment  4i>-4  effective  De¬ 
cember  20,  1951.  The  effect  of  SR~389B  was  to  apply  the  current  Part 
4b  exit  requirements  referenced  in  SRr-389A. 

A  review  of  the  history  of  the  development  of  SR-389B  indicates 
that  such  retroactive  application  of  current  Part  4b  requirements  was 
included  inadvertently  and  that  it  would  impose  an  unnecessary  burden 
on  the  operators  of  certain  airplanes.  SR-389B  is  therefore  being 
amended  to  eliminate  this  retroactive  provision. 

Since  this  amendment  imposes  no  additional  burden  on  any  person, 
notice  and  public  procedure  hereon  are  unnecessary,  and  the  amendment 
Is  made  effective  immediately. 

In  consideration  of  the  foregoing.  Paragraph  1  of  Special  Civil  Air 
R^fulation  No.  SIb'389B  is  hereby  amended  to  read  as  follows,  effective 
September  11,  1959. 

1.  Contrary  provisions  of  the  Civil  Air  Regulations  notwithstanding, 
no  large  airplane  (more  than  12,500  pounds  maximum  certificated  take-off 
weight)  type  certificated  under  Civil  Air  Regulations  effective  prior  to 
April  9,  1957,  while  carrying  passengers  for  hire,  shall  be  operated  with 
occupants  in  excess  of  the  number  permitted  by  appljring  the  provisions 
of  section  4b.362  (a),  (b),  and  (c)  of  Part  4b  of  Civil  Air  Regulations 
as  amended  by  Amendment  41>-4  effective  December  20,  1951,  except  that 
airplane  types  listed  in  the  following  table  may  be  operated  with  the 
listed  maximum  number  of  occupants  (including  all  crew  members)  and 
the  listed  corresponding  number  of  exits  (including  emergency  exits  and 
doors)  heretofore  approved  by  the  Administrator  for  the  emergency  egress 
of  passengers. 
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SPECIAL  CIVIL  AIH  REGULATION  NO.  SR-392C 


Effective:  Feb.  3,  1962 

Adopted:  Jan.  30,  1962 

Publidied:  Feb.  3,  1962 

(27  F.R.  1008) 

Facilitation  of  Experiments  With  Exterior  Lighting  Systems 

Special  Civil  Air  Regulation  No.  SR-^2B,  adopted  on  Februaiy  25, 
1957,  permits  experimentation  with  exterior  lighting  systems,  which  do 
not  comply  with  the  standards  prescribed  in  the  Civil  Air  Regulations, 
on  aircraft  with  standard  airworthiness  certificates.  Several  conditions 
are  Imposed  to  insure  that  the  number  of  aircraft  engaged  in  the  experi¬ 
ments  is  reasonably  limited ;  that  the  experimental  exterior  lights  are  in 
fact  installed  for  bonafide  experimentation;  and  that  the  results  of  such 
experimentation  become  generally  available.  This  special  regulation 
expires  on  February  25, 1%2. 

In  a  notice  of  proposed  rule  making  contained  in  Draft  Release  No. 
61-27  and  published  in  the  Federal  Register,  December  23,  1961  (26  F.R. 
12294),  the  Agency  gave  notice  that  it  has  under  consideration  the  ter¬ 
mination  of  SR-392B  and  requested  comments  from  interested  persons 
concerning  this  matter.  In  response  to  such  request,  the  Agency  has 
received  numerous  reports,  arguments  and  other  evidence.  However, 
the  volume  of  the  comments  received  is  .such  that  there  is  not  sufficient 
time  remaining  to  review  and  evaluate  such  comments  prior  to  the  ter¬ 
mination  of  SR-392B.  Therefore,  in  order  to  afford  the  Agency  the 
opportunity  to  fully  consider  all  the  relevant  matter  presented  and  to 
take  whatever  additional  rule  making  action  that  may  be  indicated,  it 
is  necessary  to  extend  the  termination  date  of  SR-392B  to  June  25,  1962. 

Since  this  regulation  continues  in  effect  the  provisions  of  the  previous 
regulation  and  imposes  no  additional  burden  upon  any  person,  compliance 
with  the  notice  and  public  procedure  provisions  of  the  Administrative 
Procedure  Act  is  unnecessary  and  good  cause  exists  for  making  this  regu¬ 
lation  effective  on  less  than  30  daya^  notice. 

In  consideration  of  the  foregoing,  the  following  Special  Civil  Air 
Regulation  is  adopted  to  become  effective  on  February  3,  1962: 

Contrary  provisions  of  the  Civil  Air  Regulations  notwithstanding, 
experimental  exterior  lighting  equipment  which  does  not  comply  with 
the  relevant  specifications  contained  in  the  Civil  Air  R^:ulations  may, 
subject  to  the  approval  of  the  Administrator,  be  installed  and  used  bn 
aircraft  for  the  purpose  of  experimentation  intended  to  improve  exterior 
lighting  for  a  period  not  to  exceed  6  months:  Provided,  That 

(1)  The  Administrator  may  grant  approval  for  additional  periods 
if  he  finds  that  the  experiments  can  be  reasonably  expected  to  contribute 
to  improvements  in  exterior  lighting ; 
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(2)  Not  more  than  15  aircraft  possessing  a  U.S.  certificate  of 
airworthiness  may  have  installed  at  any  one  time  experimental  exterior 
lighting  equipment  of  one  basic  type ; 

(3)  The  Administrator  e^all  prescribe  such  conditions  and  limi¬ 
tations  as  may  be  necessary  to  insure  safety  and  avoid  confusion  in  air 
navigation; 

(4)  The  person  engaged  in  the  operation  of  the  aircraft  shall 
disclose  publicly  the  deviations  of  the  exterior  lighting  from  the  relevant 
specifications  contained  in  the  Civil  Air  Regulations  at  times  and  in  a 
manner  prescribed  by  the  Administrator;  and 

(5)  Upon  application  for  approval  to  conduct  experimentation 
with  exterior  lighting,  the  applicant  shall  advise  the  Administrator  of  the 
specific  purpose  of  the  experiments  to  be  conducted ;  and,  at  the  conclusion 
of  the  approved  period  of  experimentation,  he  shall  advise  the  Adminis¬ 
trator  of  the  detailed  results  thereof. 

This  regulation  supersedes  Special  Civil  Air  Regulation  No.  SR-392B 
and  shall  terminate  June  25, 1962,  unless  sooner  superseded  or  rescinded. 
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SPECIAL  CIVIL  AIR  REGULATION  NO.  SR-392D 

Effective:  June  25,  1962 
Adopted:  June  22,  1962 
Published:  June  26,  1962 
(27  F.R.  5979) 

Display  of  Experimental  Exterior  Lighting  Systems  Approved  for  Use  on  Aircraft 

Special  Civil  Air  Regulation  No.  SR-392B,  adopted  on  February  25,  1957, 
and  auperaeded  by  SR-392C  on  February  3,  1962,  permitted  experimentation 
ndth  ezterim  lighting  aystema  that  did  not  comply  with  the  atandarda  preacribed 
in  the  Civil  Air  Regnlationa  on  aircraft  with  atandard  airworthineaa  certiflcatea. 
Several  conditiona  were  impoaed  to  inanre  that  the  number  of  aircraft  engaged 
in  the  experimenta  waa  reaaonaUy  limited;  that  the  experimental  exterior 
lighta  were  in  fact  inatalled  for  bona  fide  experimentation;  and  that  the  reanlta 
of  auch  experimentation  became  generally  available. 

In  a  notice  of  {uopoaed  rule  making  contained  in  Draft  Releaae  No.  61-27 
and  publiahed  in  the  Federal  Regiater,  December  23, 1961  (26  F.R.  12294),  the 
Agency  gave  notice  that  it  had  under  conaideration  the  termination  of  SR- 
392B,  which  waa  then  in  effect,  and  requeated  commenta  from  intereated  per* 
aona.  However,  the  nature  of  the  commenta  received  waa  auch  that  there 
waa  not  auffident  time  remaining,  befme  the  February  25,  1962,  termination 
date  apedfled  in  SR-392B,  for  theR  proper  review  and  evaluation.  To  provide 
the  time  needed,  the  Agency  adopted  SR-392C  which  auperaeded  SR-392B 
without  reviaion  other  than  extenaion  of  the  termination  date  from  February  25, 
1962,  to  June  25, 1962. 

On  April  3,  1962,  the  Agency  convened  a  public  conference  (previoualy 
announced  by  a  notice  of  conference  dated  Felaruary  12,  1962)  to  give  peraona 
intereated  in  SR-392C  an  opportunity  to  aupplement  their  written  commenta 
with  oral  preaentationa,  to  make  additional  eddence  available,  and  to  partid- 
pate  in  direct  diacuaaiona  with  govemment-induatry  technical  people  in  the 
aircraft  lighting  field. 

From  a  atudy  of  all  commenta  made  on  the  iaaue,  thoae  who  aupport  the 
need  for  an  extendon  of  SR-392C  contend  eaaentiaUy  aa  foUowa:  (1)  Experi* 
mental  lighting  ayatema  now  operating  under  SR-392C  are  more  effective  than 
the  ayatem  preacribed  in  the  CSvil  Air  Regnlationa;  (2)  much  money  and  time 
haa  been  invented  in  the  experimenta,  which  would  be  wanted  if  SR-392C  were 
terminated;  (3)  extendon  would  continue  graaa-roota  cooperation  between 
experienced  FAA  inapectora  and  inventora,  and  atimnlate  inventive  initiativea; 
(4)  nnreatrictive  field  teating  would  Inanre  reliaUtity  of  new  lighting  equipment 
by  expoaing  it  to  actual  aervice  conditiona;  (5)  a  new  lighting  concept  cannot 
attract  financing,  or  intereat  manufacturing  management,  nnleaa  ita  aalea 
potential  la  eataUiahed  by  flight  demonatrationa  to  proapective  cnatomera;  and 
(6)  there  ia  no  aatiafactory  alternative  to  extendon  of  SR-392C. 

After  more  than  10  yeara  of  experimentation  under  the  providona  of  SR- 
392C  and  predeceaaor  apecial  regnlationa,  the  evidence  anpporting  the  conten¬ 
tion  that  variona  experimentd  lighting  ayatema  anrpaaa  tiie  atandard  ayatem 
now  preacribed  in  the  Civil  Air  Regnlationa  remaina  inconclndve.  For  the 
moat  part,  reporta  anbmitted  by  expmimentera  contain  anbjective  evdnationa 
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of  proposed  systems  without  the  use  of  experimental  controls  to  insure  a  valid 
basis  for  comparison.  Tests  and  studies  conducted  by  the  Navy  Department 
and  by  the  Agency’s  National  Aviation  Facilities  Experimental  Center  have  not 
cmroltorated  the  advantages  claimed  by  private  experimenters  for  their  respec¬ 
tive  systems. 

The  experiments  were  no  doubt  expensive  and  time-consuming,  but  the 
persons  who  undertook  them  did  so  voluntarily  and  with  no  assurance  of 
success.  In  any  case,  the  costs  incurred  in  such  experiments  do  not  justify  the 
indefinitely  prolonged  display  of  experimental  lighting  systems,  since  these 
systems  necessarily  introduce  some  degree  of  ambiguity  and  confnmon  in 
night  operations. 

Termination  of  SR-392C  would  not  prevent  further  lighting  experimenta¬ 
tion  since  such  experiments  could  still  be  performed  under  the  terms  of  an 
experimental  airworthiness  certificate.  There  appears  to  be  no  reason  why 
cooperation  between  FAA  inspectors  and  inventors  would  necessarily  diminish 
if  f^her  lighting  experiments  were  conducted  only  on  that  basis. 

The  point  that  unrestricted  field  testing  insures  reliability  of  experimental 
lighting  equipment  is  largely  irrelevant  mnce  the  objective  of  SR-392C  was  to 
facilitate  experiments  with  new  lighting  concepts  rather  than  to  achieve  com¬ 
ponent  reliability.  Component  technology  is  not  in  question;  and,  in  any 
case,  there  is  no  evidence  that  unusual  problems  exist.  Further,  reliability  can 
be  attained  to  a  large  extent  by  laboratory  tests  in  a  simulated  environment,  a 
practice  which  has  worked  satisfactorily  in  the  past. 

It  may  be  true  that  the  privileges  granted  by  SR-392C  (as  opposed  to  the 
generally  more  restrictive  terms  of  experimental  airworthiness  certificates) 
make  it  easier  to  finance  new  lighting  concepts,  but  similar  privileges  are  not 
granted  to  those  who  experiment  with  aircraft  in  other  ways.  This  preference 
for  one  class  of  experimenters  over  all  other  classes  has  not  been  justified  in 
terms  of  safety  improvements  achieved  to  date. 

Reasonable  alternatives  to  SR-392C  are,  in  fact,  open  to  experimenters. 
Experiments  may  be  conducted  under  the  terms  of  an  experimental  airworthi¬ 
ness  certificate;  and  the  Agency’s  well-equipped  experimental  facilities,  with 
trained  personnel,  are  now  available  for  cooperative  evaluation  of  new  lighting 
concepts  developed  by  inventors. 

For  these  reasons,  the  Agency  concludes  that  the  arguments  offered  in 
support  of  an  extension  of  SR-392C  are  not  persuasive;  and  SR-392C  will  not 
be  continued  in  effect  beyond  June  25,  1962.  However,  the  Agency  believes 
that  a  reasonable  transition  period  of  not  less  than  one  year  should  be  estab¬ 
lished.  This  would  permit  6  months  for  completion  of  experiments  begun 
before  June  25,  1962,  the  maximum  period  of  experimentation  permitted 
under  SR-392C  without  special  permission,  and  would  allow  not  less  than  an 
additional  6  months  for  airplane  modifications  that  may  be  necessitated  by  the 
termination  of  experimentation  hereunder. 

The  various  experiments  which  were  conducted  under  the  provisions  of 
SR-392C  and  predecessor  special  regulations,  although  inconclusive,  have, 
nevertheless,  helped  to  crystallize  the  Agency’s  position  on  the  need  for 
revisions  of  the  currently  effective  exterior  lighting  regulations.  Therefore, 
a  proposed  rule  concerning  these  requirements  is  under  study  by  the  Agency. 
If  rule  making  action  is  initiated  as  a  result  of  this  study,  it  may  ultimately 
affect  some  of  the  details  of  the  lighting  systems  now  required  to  be  installed 
on  aircraft.  Moreover,  if  such  rule  making  action  is  initiated  it  may  not  be 
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completed  before  December  25,  1962.  In  sncb  case,  a  requirement  to  accom¬ 
plish  the  necessary  modifications  within  one  year  after  the  termination  of 
SR-392C,  i.e.,  by  June  25,  1963,  may  not  provide  the  operator  with  a  period 
of  6  months  in  which  to  accomplish  the  modifications,  if  any,  required  by  the 
regulation. 

In  order  to  permit  an  adequate  transition  period  for  the  accomplishment 
of  any  necessary  modifications,  this  regulation  permits  the  current  experi¬ 
mental  lighting  systems  to  be  used  until  June  25,  1963,  or  6  months  after 
completion  of  the  proposed  rule  making  action  in  regard  to  exterior  lighting 
systems,  whichever  date  is  later.  If,  however,  the  Agency  finds  at  the  con¬ 
clusion  of  its  studies  that  rule  making  action  will  not  be  adopted  an  appro- 
juiate  notice  thereof  will  be  issued  and  published  in  the  Federal  Register. 
In  such  case  this  regulation  also  permits  the  experimental  lighting  systems  to 
be  used  until  June  25,  1963,  or  6  months  after  such  notice  is  published  in  the 
Federal  Register,  whichever  date  is  later. 

In  consdderation  of  the  foregoing,  the  following  Special  Civil  Air  Regulation 
is  adopted  to  become  effective  on  June  25,  1962: 

Contrary  provisions  of  the  Civil  Air  Regulations  notwithstanding,  experi¬ 
mental  exterior  lighting  systems  which  do  not  comply  with  the  Civil  Air  Regu¬ 
lations,  and  which  were  installed  for  the  purposes  of  experimentation  on  air¬ 
craft  with  standard  airworthiness  certificates  under  the  provisions  of  SR-392B 
or  SR-392C,  may  be  displayed  until: 

(1)  6  months  after  the  date  of  publication  in  the  Federal  Register  of  either 

(i)  revised  standards  adopted  by  the  Agency  for  exterior  lighting  systems, 

(ii)  a  notice  that  rule  making  action  to  revise  such  standards  will  not  be 
adopted  by  the  Agency;  or 

(2)  June  25,  1963,  if  later  than  that  specified  in  paragraph  (1). 

This  Spedal  Civil  Air  Regulation  shall  remain  in  effect  until  superseded 
or  rescinded. 
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SPECIAL  CIVIL  AIR  REGULATION  NO.  SR-406C 

Effective;  July  1,  1956 
Adopted:  June  28,  1956 

Application  of  Transport  Category  Requirements  to  C-46-Type  Airplanes 

On  June  30,  1954,  the  Civil  Aeronautics  Board  adopted  Special  Civil 
Air  Regulation  No.  SR-406,  effective  July  1,  1954,  which  provided  for  the 
modification  and  operation  of  C-46  type  airplanes  in  passenger  service. 
On  June  7,  1955,  the  Board  adopted  Special  Civil  Air  Regulation  No.  SR- 
406A,  effective  June  7, 1955,  which  added  certain  substantive  and  clarifying 
amendments  to  SR-406.  On  March  30,  1956,  the  Board  adopted  Special 
Civil  Air  Regulation  No.  SR-406B,  effective  April  1,  1956,  which  extended 
the  date  for  modification  of  C-46  airplanes  in  passenger  service  from  April 
1, 1956,  to  July  1, 1956.  The  preamble  material  of  these  three  Special  Civil 
Air  Regulations  is  incorporated  herein  by  reference. 

SR-406B  provided  only  temporary  relief  from  those  provisions  of 
Special  Civil  Air  Regulation  No.  SR-406A  which  prevented  the  use  of  C-46 
airplanes  in  passenger  operations  under  Part  42  of  the  Civil  Air  Regu¬ 
lations  on  and  after  April  1, 1956,  unless  recertificated  in  accordance  with 
the  regulation.  In  SR-406B,  the  Board  indicated  that  subject  to  persua¬ 
sive  reasons  for  failing,  type  certification  had  to  be  accomplished  before 
July  1,  1956,  and  that,  within  the  effective  period  of  the  regulation,  the 
Board  would  determine  a  later  end  effective  date  by  which  recertification 
of  these  airplanes  in  the  transport  category  must  be  completed.  It  was 
expressly  stated  that  the  later  end  effective  date  for  recertification 
would  depend  on  a  bona  fide  showing  of  meeting  the  type  certification 
requirements. 

Since  the  adoption  of  Special  Civil  Air  Regulation  No.  SR-406B,  two 
tjrpe  certificates  have  been  issued  under  its  provisions  and  one  applica¬ 
tion  for  a  type  certificate  has  been  received  although  complete  data  have 
not  been  submitted  to  the  Civil  Aermiautics  Administration  as  of  the 
date  of  adoption  of  this  regulation,  SR-406C. 

In  adopting  SR-406B,  the  Board  anticipated  obtaining  a  schedule  of 
modification  of  C-46  airplanes  from  the  applicants  for  type  certification. 
In  its  attempt  to  obtain  this  information,  not  only  has  the  Board  not 
received  such  a  schedule,  but  has  been  advised  that  only  a  comparatively 
few  operators  have  actual  contractual  agreements  with  holders  of  type 
certificates  to  accomplish  the  required  modification. 

The  Board  has  previously  stated  that  a  final  compliance  date  for 
modification  would  depend  on  a  bona  fide  showing  that  the  aircraft  cer¬ 
tification  requirements  will  be  met  in  the  reasonably  near  future.  How¬ 
ever,  in  the  absence  of  such  a  showing  by  more  than  a  few  operators, 
the  Board  must  establish  an  end  compliance  date  without  the  benefit  of 
any  complete  and  detailed  modification  schedules.  In  the  only  formal 
request  for  an  extension  of  the  effective  date  of  these  regulations  which 
the  Board  «has  received,  it  is  indicated  that  required  modifications  are 
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expected  to  be  completed  by  January  1, 1957.  No  other  information  avail¬ 
able  to  the  Board  indicates  that  this  is  not  a  reasonable  end  effective 
date;  therefore,  January  1,  1957,  is  hereby  established  as  the  date  when 
recertification  is  required. 

Since  October  1,  1955,  the  Administrator  has  been  authorized  to  per¬ 
mit  the  continued  operation  of  C-46  aircraft  in  passenger  service  on  a 
showing  by  operators  that  **genuine  and  diligent  efforts”  have  been  made 
to  accomplish  the  required  modifications.  In  the  light  of  the  fact  that 
there  now  exist  at  least  two  persons  possessing  type  certificates  on  the 
basis  of  which  such  modifications  may  be  made,  there  no  longer  appears 
to  be  any  reason  for  not  requiring  the  showing  of  a  firm  contract  between 
the  operator  and  the  holder  of  such  a  type  certificate  indicating  that  the 
required  modifications  will  be  completed  prior  to  January  1,  1957,  prior 
to  such  operations.  Accordingly,  this  Special  Civil  Air  Regulation  con¬ 
tains  a  requirement  that  before  the  Administrator  is  authorized  to  con¬ 
tinue  to  permit  operation  of  C~46  airplanes  in  passenger  service,  between 
July  1, 1956,  and  January  1, 19.57,  there  must  be  a  showing  by  the  operator 
that  he  has  a  firm  contract  with  the  holder  of  a  type  certificate  to  com¬ 
plete  modifications  prior  to  January  1, 1957,  except  that  the  Administrator 
may  authorize  during  the  period  July  1,  1956,  through  July  15,  1956,  such 
operations  without  a  showing  of  such  firm  contract  where  the  Adminis¬ 
trator  has  previously  permitted  such  operations  based  on  genuine  and 
diligent  efforts  to  complete  the  required  modifications.  In  other  words, 
the  Administrator  may  authorize  continued  operations  of  C-46  airplanes 
in  passenger  service  from  July  1,  1956,  to  July  16,  1956,  where  he  has 
previously  given  such  authority.  However,  on  and  after  July  16,  1956, 
the  Administrator  may  authorize  such  continued  operations  only  upon 
a  showing  by  the  operator  that  he  has  a  firm  contract  with  the  holder 
of  a  type  certificate  to  complete  modifications  prior  to  January  1,  1957. 

As  stated  hereinbefore,  all  the  preamble  material  pertinent  to  the 
application  of  transport  category  requirements  to  C-46  type  airplanes 
appearing  in  SR-406,  SR-406A,  and  SR-406B  is  incorporated  herein  by 
reference.  However,  in  order  to  obviate  any  possible  confusion  as  to 
which  specific  regulations  are  presently  applicable  to  accomplish  the 
recertification  of  the  C-46  in  passenger  service,  all  such  regulations  are 
included  in  this  Special  Civil  Air  Regulation. 

Since  this  regulation  continues  in  effect  the  same  rules  as  are  presently 
applicable  to  C-46  type  airplanes,  with  the  exception  of  the  compliance 
date  listed  herein,  without  diminution  in  safety  standards,  and  since  it 
would  be  in  the  public  interest  to  prescribe  rules  to  become  effective  on 
July  1,  1956,  to  permit  the  continuation  of  operation  of  C-46  type  air¬ 
planes  in  passenger  service,  the  Board  finds  that  omission  of  notice  and 
public  procedure  is  not  contrary  to  public  interest  and  that  good  cause 
exists  for  making  this  regulation  effective  on  less  than  30  days’  notice. 

In  consideration  of  the  foregoing,  the  Civil  Aeronautics  Board  hereby 
makes  ai  promulgates  the  following  Special  Civil  Air  Regulation,  effec¬ 
tive  July  1,1956: 

1.  Contrary  provisions  of  the  Civil  Air  Regulations  notwithstanding 
(in  particular  the  provisions  of  section  42.15(b)  of  Part  42),  C-46  air¬ 
planes  may  be  used  in  passenger  operations  conducted  under  Part  42 
of  the  Civil  Air  Regulations.  Such  airplanes  shall  be  operated  in  accord- 
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ante  with  section  42.15(a)  of  Part  42  and  the  provisions  of  this  special 
regulation. 

2.  C-46  type  airplanes,  when  used  in  passenger  operations  in  accord¬ 
ance  with  paragraph  4  of  this  regulation,  shall  not  be  operated  at  weights 
exceeding  those  which  are  demonstrated  to  the  Administrator  will  allow 
compliance  with  the  performance  requirements  of  Part  4b,  except  that 
in  determining  the  maximum  take-off  weight,  such  weight  shall  be  limited 
only  to  a  value  at  which  the  airplane  has  a  rate  of  climb  equal  to  0.035 
V„*  in  the  take-off  configuration  at  sea  level  with  the  landing  gear  re¬ 
tracted  but  with  the  propeller  of  the  inoperative  engine  feathered  rather 
than  windmilling. 

3.  Provisionally,  pending  a  determination  by  the  Administrator  of 
the  weights  at  which  G-46  airplanes  will  meet  the  standards  prescribed 
by  paragraph  2  of  this  regulation,  the  maximum  take-off  weight  of  such 
airplanes,  when  used  in  the  manner  herein  referred  to,  shall  not  exceed 
44,300  pounds:  Provided,  That  in  the  case  of  C-46  airplanes  equipped  with 
Hamilton  Standard  propellers  with  blades  Model  Number  6419A-9  or 
approved  equivalent  which  have  been  clipped  in  accordance  with  speci¬ 
fications  approved  by  the  Administrator,  such  provisional  maximum 
weight  shall  be  increased  by  1,000  pounds  until  such  time  as  the  Admin¬ 
istrator  shall  have  determined  by  suitable  tests  another  value  to  cor¬ 
respond  to  the  additional  efficiency  obtainable  by  the  use  of  such  pro¬ 
pellers,  and  thereafter  by  such  other  value. 

4.  The  Administrator  of  Civil  Aeronautics  may  authorize  continued 
operation  of  C-46  airplanes  in  passenger  service  in  accordance  with  para¬ 
graphs  2  and  3  of  this  regulation  until  January  1,  1957,  if  he  finds  that 
the  applicant  for  such  authorization  has  a  bona  fide,  firm  contract  with 
the  holder  of  a  type  certificate  indicating  that  the  required  modifications 
will  be  completed  prior  to  January  1, 1957,  except  that  the  Administrator 
may  authorize  during  the  period  July  1,  1956,  through  July  15,  1956,  such 
continued  operation  without  a  showing  of  such  firm  contract  where  the 
Administrator  has  previously  permitted  such  operations  based  on  genuine 
and  diligent  efforts  to  complete  the  required  modifications.  Such  type 
certificate  shall  indicate  that  it  meets  the  transport  category  requirements 
of  Part  4b  of  the  Civil  Air  Regulations  in  effect  on  July  20,  1950,  with  the 
exceptions  authorized  in  SR-406A. 

5.  On  and  after  July  1, 1956,  (except  as  provided  in  paragraph  4)  C-46 
airplanes  in  passenger  service  shall  comply  with  the  provisions  of  Part 
4b  as  in  effect  on  July  20,  1950,  except  as  otherwise  provided  hereinafter: 

a.  The  provisions  of  sections  4b.O  through  4b.l9  of  Part  4b,  effective 
May  18, 1954,  shall  be  complied  with. 

b.  The  provisions  of  sections  4b.l00  through  4b.l90  need  not  be 
complied  with. 

c.  The  birdproof  windshield  requirements  of  section  4b.352  need 
not  be  complied  with. 

d.  The  provision  of  sections  4b.480  through  4b.490  effective  May  16, 
1953,  shall  be  complied  with  in  lieu  of  sections  4b.480  through  4b.489 
effective  July  20,  1950,  with  the  exception  of  subparagraph  4b.484(a)(l) 
which  shall  be  applicable  as  effective  July  20,  1950,  and  paragraph 

‘  4b.487(e)  which  has  no  counterpart  in  the  1950  regulations. 
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$.  On  and  after  January  1,  1957,  C-46  airplanes  in  passenger  service 
shall  be  recertificated  in  the  transport  category  in  accordance  with  para¬ 
graph  5  of  this  regulation,  and  shall  comply  with  the  provisions  of  sections 
41kl00  through  4b.l90  with  the  following  exception:  In  determining  the 
take-off  path  in  accordance  with  section  4b.ll6  and  the  one-engine-in- 
operative  climb  in  accordance  with  section  4b.l20  (a)  and  (b),  the  propeller 
of  the  inoperative  engine  may  be  assumed  to  be  feathered  if  there  is 
installed  either  an  approved  means  for  automatically  indicating  when  the 
particular  engine  has  failed  or  an  approved  means  for  automatically 
feathering  the  propeller  of  the  inoperative  engine. 

7.  In  applying  the  provisions  of  paragraphs  5  and  6  of  this  regulation, 
where  literal  compliance  with  the  requirements  of  sections  4b.l30  through 
4b.l90  of  Subpart  B  and  Subparts  C,  D,  E,  and  F  of  Part  4b  is  extremely 
difficult  to  accomplish,  and  where  the  Administrator  finds  that  service 
experience  with  the  C-46  type  airplane  so  justifies,  the  Administrator  may 
authorize  deviations  from  specific  details  of  these  requirements,  taking 
into  account  the  effect  of  design  changes . 

8.  On  or  after  January  1,  1957,  C-46  airplanes  in  passenger  service 
shall  be  operated  in  accordance  with  the  performance  operating  limita¬ 
tions  applicable  to  transport  category  airplanes. 

9.  C-46  airplanes  which  comply  with  the  provisions  of  paragraphs  5 
and  6  of  this  regulation  may  be  used  in  passenger  operations  conducted 
under  the  provisions  of  Parts  40  and  41  provided  they  are  operated  in 
accordance  with  paragraph  8. 

10.  This  Special  Civil  Air  Regulation  supersedes  Special  Civil  Air 
Regulation  SR-406B. 
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SPECIAL  CIVIL  AIR  i^ErULATION  NO.  SR-407 


Effective:  September  10,  1954 
Adopted:  August  6,  1954 

Basis  for  Aj^roval  of  Modification  of  Airplane  Types  Douglas  DC-3  and  Lockheed 

1,-18 

On  October  7, 1953,  the  Civil  Aeronautics  Board  adopted  Special  Civil 
Air  Regulation  SR-398,  effective  November  11,  1953,  (18  F.R.  6448)  which 
provided  a  basis  for  approval  of  modifications  of  DC-3  and  L-18  air¬ 
planes,  but  limited  the  scope  of  that  regulation  to  increases  in  engine 
takeoff  power  limit  ation  up  to  1350  horsepower  per  engine,  to  installa¬ 
tion  engines  of  not  more  than  1330  cubic  inches  displacement,  and  to 
the  establishment  of  new  maximum  certificated  weights  not  in  excess 
of  26,900  pounds  for  the  DC-3  and  19300  pounds  for  the  L-18.  This  reg¬ 
ulation  expands  the  scope  of  SR-398  to  cover  approval  of  additional 
modifications  and  maximum  certificated  weights  for  DC-3  and  L-IS  air¬ 
planes.  In  order  to  have  all  the  regulations  applicable  to  modifications 
and  weight  increases  of  the  DC-3  and  L-18  appear  in  one  document, 
this  regulation  embodies  herein  the  provisions  of  SR-398  and  the  addi¬ 
tional  r^ulations  which  are  made  applicable  to  these  airplanes.  SR-398 
is  thus  superseded  by  this  regulation. 

The  Douglas  DC^  and  the  Lockheed  L-18  airplane  types  were  orig¬ 
inally  designed  and  certificated  on  the  basis  of  airworthiness  standards 
in  effect  prior  to  1940.  These  were  contained  in  Bulletin  7-A  promul¬ 
gated  by  the  former  Bureau  of  Air  Commerce  and  in  the  initial  Part  04 
of  the  Civil  Air  R^ulations  which  was  basically  a  recodification  of  Bul¬ 
letin  7-A.  Subsequently  the  Civil  Aeronautics  Board  promulgated  and 
kept  up  to  date  newer  airworthiness  requirements  contained  in  Parts  3, 
4a,  and  4b  of  the  Civil  Air  Regulations,  the  latter  two  parts  containing 
rules  for  transport  category  airplanes.  The  DC-3  and  L-18  are  the  only 
large  airplane  types  now  in  general  use  in  the  United  States  which  retain 
the  old  standards  as  a  basis  for  their  certification. 

For  a  number  of  years  after  the  initial  certification  of  these  two  air¬ 
plane  types  relatively  few  important  design  changes  were  introduced, 
and  the  airplane  specifications  regarding  maximum  certificated  weights 
remained  practically  unchanged.  More  recently,  however,  several  opera¬ 
tors  have  made  significant  design  changes  in  DC-3  and  L-18  airplanes 
and  it  has  become  apparent  that  with  the  continued  use  of  these  airplanes, 
more  operators  are  considering  design  changes,  such  as  the  installation 
of  higher  powered  engines  and  increases  in  maximum  certificated  weights. 
Although  the  basis  for  certification  of  these  airplanes  remains  unchanged, 
the  Administrator  of  Civil  Aeronautics  in  some  instances  has  made 
changes  to  the  pertinent  aircraft  specifications  by  applying  certain  pro¬ 
visions  of  Part  4a  of  the  Civil  Air  Regulations.  The  Board  does  not 
consider  Bulletin  7-A  and  the  early  versions  of  Part  04  adequate  regula¬ 
tory  bases  upon  which  further  modifications  to  these  airplane  types  can 
be  approved  by  the  Administrator. 

Tile  provisions  of  this  Special  Civil  Air  Regulation  provide  the  basis 
for  approval  by  the  Administrator  of  future  modifications  of  individual 
DC-3  and  L-18  airplanes.  The  provisions  in  section  1  of  SR-398  permit- 
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ting  th«  Administrator  to  waive  the  requirements  of  the  regulation  when 
it  was  shown  that  a  particular  airplane  was  in  the  process  of  modification 
at  the  time  that  emulation  became  effective,  has  been  omitted  from  this 
regulation  because  has  been  in  effect  for  sufficient  time  to  elim- 

inate  the  need  for  waiver  authority  by  the  Administrator. 

This  regulation  continues  the  general  provisions  of  SR-398  which  re¬ 
quired  that  modifications  of  DC-3  and  L-18  airplanes  be  accomplished 
in  accordance  with  the  provisions  of  either  Part  4a  or  Part  4b  of  the 
Civil  Air  Regulations  applicable  to  the  modification  being  made,  and 
which  were  in  effect  on  September  1,  1953,  unless  the  applicant  elects  to 
make  the  modification  in  accordance  with  Part  4b  as  in  effect  on  the 
date  of  modification.  This  regulation  requires,  also,  that  in  electing  to 
perform  a  modification  under  either  Part  4a  or  Part  4b,  each  specific 
modification  must  be  accomplished  in  accordance  with  all  of  the  provi¬ 
sions  of  either  Part  4a  or  Part  4b  related  to  the  particular  modification. 

It  does  not  permit  selection  of  certain  provisions  of  Part  4a  and  other 
provisions  of  Part  4b.  For  example,  if  it  were  desired  to  make  a  modi¬ 
fication  of  the  landing  gear,  it  could  be  made  under  either  Part  4a  or 
Part  4b,  but  not  partially  under  Part  4a  and  partially  under  Part  4b. 

This  also  applies  when  the  applicant  elects  to  make  a  modification  in 
accordance  with  the  provisions  of  Part  4b  in  effect  on  the  date  of  modi¬ 
fication  in  lieu  of  Part  4a  or  Part  4b  as  in  effect  on  September  1,  1953. 

In  addition  to  the  general  provisions  for  modification,  this  regula¬ 
tion  contains  the  specific  requirements  of  SR-398  with  respect  to  approval 
of  increases  in  takeoff  power  limitation  and  the  installation  of  new  type 
engines  in  DC-3  and  L-18  airplanes  and  provides  some  additional  require¬ 
ments.  The  intent  of  these  specific  requirements  is  to  ensure  that  such 
changes  will  not  result  in  a  decrease  in  safety.  This  is  in  general 
consistent  with  the  policy  followed  by  the  Administrator  in  approving 
changes  made  prior  to  the  adoption  of  SR-398. 

In  the  case  of  an  increase  in  the  takeoff  power  limitation  beyond  1,200 
horsepower  per  engine,  but  not  to  exceed  1350  horsepower  per  engine, 
this  regulation  continues  the  provisitms  of  SR-398  which  required  that 
the  increase  in  power  shall  not  adversely  affect  the  fiight  characteristics 
of  Die  airplane.  The  intent  of'  this  provision  is  to  permit  increases  in 
takeoff  power  only  if  the  applicant  can  show  that  the  use  of  the  increased 
power  does  not  result  in  deterioration  of  the  fiight  characteristics  of 
the  airplane  when  compared  to  its  previous  characteristics.  It  is  believed, 
however,  that  increases  in  takdoff  power  limitation  above  1,350  horsepower 
per  engine  may  result  in  changes  in  the  engine  installation  and  the  air¬ 
plane’s  fiight  characteristics  to  such  an  extent  that  the  basis  for  approval 
of  increases  in  horsepower  provided  in  SR-398  is  no  longer  appropriate. 

Since  Part  4b  represents  the  most  recent  design  practices,  this  regula¬ 
tion  provides  that  the  takeoff  power  limitation  may  be  increased  beyond 
1350  { horsepower  if  compliance  is  shown  with  Part  4b  at  the  increased 
powe^  with  respect  to  the  engine  installation  provisions,  the  fiight  cb'  • 
actermtics,  and  the  ground  handling  requirements. 

This  regulation  contains  the  provisions  of  SR-398  which  established 
either  Part  4a  or  Part  4b  as  the  basis  for  approving  the  installation  of 
engines  not  exceeding  1,830  cubic  inches  displacement  which  necessitate 
major  modification  or  redesign,  on  the  condition  that  there  is  no  de- 
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crease  ia  engine  fire  prevention  and  protection  when  compared  to  the 
prior  engine  installation.  Since  the  use  of  engines  with  more  than  1,830 
cubic  inches  displacement  will  necessitate  extensive  modification  of  the 
entire  engine  installation,  it  appeara  necessary  that  such  an  installation 
be  accomplished  in  accordance  with  the  most  recent  airworthiness  pro* 
visions  of  the  regulations.  This  regulation,  therefore,  requires  that  the 
installation  of  these  larger  engines  be  accomplished  in  accordance  with 
the  requirements  of  Part  4b  of  the  Civil  Air  Regulations. 

This  regulation  also  continues  the  provisions  of  SR-398  which  per¬ 
mitted  establishment  of  new  maximum  certificated  weights  not  to  exceed 
26,900  pounds  for  the  DC-^  and  19,500  pounds  for  the  Lr-18.  Where  such 
new  maximum  weights  are  desired,  the  airworthiness  certificates  may  be 
amended  and  the  maximum  weights  established  in  accordance  with  the 
transport  category  performance  requirements  of  either  Part  4a  or  Part 
4b,  subject  to  the  structural  limitations  of  the  airplane.  With  respect 
to  maximum  weights  in  excess  of  26,900  pounds  for  the  DC-3  and  19,500 
pounds  for  the  L-18,  however,  it  is  considered  that  such  increases  in 
weight  may  seriously  affect  not  only  the  structural  limitations,  but  also 
the  fiight  and  ground  handling  characteristics  of  the  airplane.  This  reg¬ 
ulation  requires  that  weights  in  excess  of  26,900  pounds  for  the  DC-3 
and  19,500  pounds  for  the  L-18  shall  be  established  in  accordance  with 
the  performance,  structural,  fiight  characteristics,  and  ground  handling 
requirements  of  Part  4b. 

It  should  be  noted  that  in  certain  cases,  showing  of  compliance  is 
required  on  the  basis  of  Part  4b  of  the  Civil  Air  Regulations.  In  some 
instances,  literal  compliance  with  the /provisions  of  Part  4b  may  be  ex¬ 
tremely  difficult  to  accomplish  and  would  not  contribute  materially  to 
the  objective  sought.  In  such  cases  this  regulation  provides  that  the 
Administrator  may  take  into  account  the  experience  gained  with  the 
DC-3  and  L-18  airplanes.  Where  such  experience  justifies  it,  he  is  au¬ 
thorized  to  accept  in  lieu  of  the  literal  provisions  of  Part  4b  such  measures 
of  compliance  as  he  finds  will  effectively  accomplish  the  basic  objectives. 

SR-398  also  required,  as  a  basis  for  approval  of  new  maximum  cer¬ 
tificated  weights,  that  the  applicant  provide  fiight  manual  material  con- 
tainii^  information  which  will  permit  the  application  of  the  transport 
category  performance  operating  limitations  in  the  operation  of  the  air¬ 
plane.  This  Special  Civil  Air  Regulation  continues  this  requirement. 
In  view  of  the  fact  that  an  applicant  for  new  maximum  certificated  weights 
has  such  weights  established  in  accordance  with  the  transport  category 
performance  requirements  of  either  Part  4a  or  Part  4b,  this  regulation 
also  provides  that  an  airplane  having  such  newly  established  weights 
shall  be  considered  a  transport  category  airplane  in  applying  the  operat¬ 
ing  rules  of  the  Civil  Air  Regulations.  As  a  result,  therefore,  such  air¬ 
planes  when  used  in  air  carrier  passenger  service  must  be  operated  in 
accordance  with  the  transport  category  performance  operating  limi¬ 
tations,  but  when  used  in  other  types  of  services  the  transport  category 
performance  operating  limitations  are  not  applicable  as  at  present.  Con¬ 
sideration  is  being  given,  however,  to  the  problem  of  making  them  appli¬ 
cable  to  all  types  of  operations  conducted  in  transport  category  airplanes. 
If  such  rules  are  established,  then  all  DC-3  and  L-18  airplanes,  having 
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eertiflcatcd  weights  increased  in  accordance  with  SR-^98  or  this  regu* 
lation,  will  have  to  comply  with  these  rules  also.  In  the  meantime,  it 
is  recommended  that  operators,  whose  airplanes  are  approved  for  in* 
creased  weights  by  reason  of  SR-3d8  or  by  this  regulation,  make  use  of 
this  information  to  aid  in  assuring  safety  in  their  operations. 

Interested  persons  have  been  afforded  an  opportunity  to  participate 
in  the  making  of  this  regulation,  and  due  consideration  has  been  given 
to  all  relevant  matter  presented. 

In  consideration  of  the  foregoing,  the  Civil  Aeronautics  Board  hereby 
makes  and  promulgates  the  following  Special  Civil  Air  Regulation  effec¬ 
tive  September  10,  1954: 

1.  AppUeabUUy.  Contrary  provisions  of  the  Civil  Air  Regulations 
regarding  certification  notwithstanding,'  this  regulation  shall  provide  the 
basis  for  approval  by  the  Administrator  of  modifications  of  individual 
Douglas  DC-3  and  Lockheed  L-18  airplanes  subsequent  to  the  effective 
date  of  this  regulation. 

2.  General  Modifications.  Except  as  modified  in  sections  3  and  4  of 
this  regulation,  an  applicant  for  approval  of  modifications  to  a  DC-^  or 
Li-18  airplane  which  result  in  changes  in  design  or  in  changes  to  ap¬ 
proved  limitations  shall  show  that  the  modifications  were  accomplished 
in  accordance  with  the  rules  of  either  Part  4a  or  Part  4b  in  effect  on 
September  1,  1953,  which  are  applicable  to  the  modification  being  made: 
Provided,  That  an  applicant  may  elect  to  accomplish  a  modification  in 
accordance  with  the  rules  of  Part  4b  in  effect  on  the  date  of  application 
for  the  modification  in  lieu  of  Part  4a  or  Part  4b  as  in  effect  on  Sep¬ 
tember  1,  1953:  And  provided  further.  That  each  specific  modification 
must  be  accomplished  in  accordance  with  all  of  the  provisions  contained 
in  the  elected  rules  relating  to  the  particular  modification. 

3.  Specific  conditions  tor  approval.  An  applicant  for  any  approval 
of  the  following  specific  changes  shall  comply  with  section  2  of  this 
regulation  as  modified  by  the  applicable  provisions  of  this  section: 

(a)  Increase  in  takeoff  power  limitation— 1,200  to  IJiSO  horse¬ 
power.  The  engine  take-off  power  limitation  for  the  airplane  may  be 
increased  to  more  than  1,200  horsepower  but  not  to  more  than  1,350  horse¬ 
power  per  engine  if  the  increase  in  power  does  not  adversely  affect  the 
flight  characteristics  of  the  airplane. 

(b)  Increase  in  takeoff  power  limitation  to  more  than  l^SO  horse¬ 
power.  The  engine  takeoff  power  limitation  for  the  airplane  may  be 
increased  to  more  than  1,350  horsepower  per  engine  if  compliance  is  shown 
with  the  flight  characteristics  and  ground  handling  requirements  of 
Part  4b. 

(c)  Installation  of  engines  of  not  more  than  1J030  cubic  inches 
displacement  and  not  having  a  certificated  take-off  rating  of  more  than 
1,350  horsepower.  Engines  of  not  more  than  1,830  cubic  inches  displace¬ 
ment  and  not  having  a  certificated  takeoff  rating  of  more  than  1350 
horsepower  which  necessitate  a  major  modification  or  redesign  of  the 
engine  installation  may  be  installed,  if  the  engine  fire  prevention  and 
fire  protection  are  equivalent  to  that  on  the  prior  engine  installation. 
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(d)  Iruitallation  of  engines  of  more  than  IJ830  cubic  inches  dis¬ 
placement  or  having  certificated  takeoff  rating  of  more  than  1,350  horse¬ 
power.  Engines  of  more  than  1,830  cubic  inches  displacement  or  having 
certificated  takeoff  rating  of  more  than  1,350  horsepower  may  be  installed 
if  compliance  is  shown  with  the  engine  installation  requirements  of  Part 
4b:  Provided,  That  where  literal  compliance  with  the  engine  installation 
requirements  of  Part  4b  is  extremely  diflBcult  to  accomplish  and  would 
not  contribute  materially  to  the  objective  sought,  and  the  Administrator 
finds  that  the  experience  with  the  DC-3  or  L-18  airplanes  justifies  it, 
he  is  authorized  to  accept  such  measures  of  compliance  as  he  finds  will 
effectively  accomplish  the  basic  objective. 

4.  Establishment  of  new  maximum  certificated  weights.  An  appli¬ 
cant  for  approval  of  new  maximum  certificated  weights  shall  apply  for 
an  amendment  of  the  airworthiness  certificate  of  the  airplane  and  shall 
show  that  the  weights  sought  have  been  established,  and  the  appropriate 
manual  material  obtained,  as  provided  in  this  section.  (Note:  Transport 
category  performance  requirements  result  in  the  establishment  of  maxi¬ 
mum  certificated  weights  for  various  altitudes.) 

(a)  Weights — 25,200  to  26,000  for  the  DC -3  and  18,500  to  19,500 
for  the  L-18.  New  maximum  certificated  weights  of  more  than  25,200 
but  not  more  than  26,900  pounds  for  DC-3  and  more  than  18,500  but  not 
more  than  19,500  pounds  for  L-18  airplanes  may  be  established  in  ac¬ 
cordance  with  the  transport  category  performance  requirements  of  either 
Part  4a  or  Part  4b,  if  the  airplane  at  the  new  maximum  weights  can 
meet  the  structural  requirements  of  the  elected  part. 

(b)  Weights  of  more  than  26,000  for  the  DC-3  and  19,500  tor  the 
L-18.  New  maximum  certificated  weights  of  more  than  26,900  pounds 
for  DC-3  and  19,500  pounds  for  Lr-18  airplanes  shall  be  established  in 
accordance  with  the  structural,  performance,  flight  characteristics,  and 
ground  handling  requirements  of  Part  4b:  Provided,  That  where  literal 
compliance  with  the  structural  requirements  of  Part  4b  is  extremely  diffi¬ 
cult  to  accomplish  and  would  not  contribute  materially  to  the  objective 
sought,  and  the  Administrator  finds  that  the  experience  with  the  DC-3 
or  L-18  airplanes  justifies  it,  he  is  authorized  to  accept  such  measures 
of  compliance  as  he  finds  will  effectively  accomplish  the  basic  objective. 

(c)  Airplane  flight  manual — performance  operating  information. 
An  approved  airplane  flight  manual  shall  be  provided  for  each  DC-3  and 
L-18  airplane  which  has  had  new  maximum  certificated  weights  estab¬ 
lished  under  this  section.  The  airplane  flight  manual  shall  contain  the 
applicable  performance  information  prescribed  in  that  part  of  the  regu¬ 
lations  under  which  the  new  certificated  weights  were  established  and 
such  additional  information  as  may  be  necessary  tb  enable  the  applica¬ 
tion  of  the  takeoff,  en  route,  and  landing  limitations  prescribed  for  trans¬ 
port  category  airplanes  in  the  operating  parts  of  the  Civil  Air  Regulations. 

(d)  Performance  operating  limitations.  Each  airplane  for  which 
new  maximum  certificated  weights  are  established  in  accordance  with 
paragraphs  (a)  or  (b)  of  this  section  shall  be  considered  a  transport 
category  airplane  for  the  purpose  of  complying  with  the  performance 
operating  limitations  applicable  to  the  operations  in  which  it  is  utilized. 
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5.  Reference.  Unless  otherwise  provided,  all  references  in  this  regu- 
lation  to  Part  4a  and  Part  4b  are  those  parts  of  the  Civil  Air  Regulations 
in  effect  on  September  1,  1953. 

Note:  Parts  4a  and  4b  as  amended  and  in  effect  on  September  1,  1953,  were  published 
in  the  Federal  Register  at  the  following  citations: 

Part  4m,  14  Fit  4072,  14  F.R.  3742,  14  F.R.  6769,  15  Fit.  28, 17  F.R.  11631. 

Part  4b,  15  Fit  3543,  15  FJl.  8903,  15  F.R.  9184,  16  F.R.  314,  16  F.R.  11759,  16  F.R.  12220,  17 
FJL  1087,  17  F.R.  11631,  18  F.R.  22f3. 

This  regulation  supersedes  Special  Civil  Air  Regulation  SR-398  and 
shall  remain  effective  until  superseded  or  rescinded  by  the  Board. 
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SPECIAL  CIVIL  AIR  REGULATION  NO.  SR-411B 

Effective:  June  30,  1962 
Adopted:  June  29,  1962 
Published:  July  4,  1962 
(27  F.R.  6321) 

Operation  Of  Certain  Transport  Category  Airplanes  in  Cargo  Service  at  Increased 

Zero  Fuel  and  Landing  Weights 

The  Federal  Atriation  Agency  published  as  a  notice  of  proposed  rule 
making  (27  F.R.  3890)  and  circulated  as  Civil  Air  Regulations  Draft  Release 
No.  62-18  dated  April  19,  1962,  a  proposed  Special  Civil  Air  Regulation  to 
permit  certain  transport  category  airplanes  to  be  operated  in  cargo  service  at 
increased  zero  fnei  and  landing  weights.  The  proposed  regulation  was  in¬ 
tended  to  supersede  Speciai  Civil  Air  Regulation  No.  SR-411A,  which  contains 
a  termination  date  of  June  30,  1962. 

Trial  operations  of  cargo  airplanes  (Douglas  DC-6  A)  at  increased  weights 
were  first  authorized  in  waivers  issued  by  the  Civil  Aeronautics  Board  to 
individual  air  carriers.  The  first  such  waiver  was  issued  on  July  21,  1954. 
The  weights  involved  were  the  zero  fuel  weight  (i.e.,  the  maximum  weight  "it 
the  airplane  with  uo-dtsposable  fuel  and  ml,  which  has  the  effect  of  limiting 
the  weight  of  the  fuselage  contents)  and  the  structural  landing  weight.  The 
weight  increases  were  limited  to  not  more  than  5  percent  of  the  zero 
fuel  weight  approved  for  passenger  operations,  and  their  use  was  made  con¬ 
tingent  upon  certain  findings  by  the  Administrator  of  Civil  Aeronautics  and 
upon  certain  conditions  of  operation,  inspections,  and  reporting.  Authoriza¬ 
tion  of  the  trial  operations  was  predicated  on  the  premise  that  such  operations 
could  eventually  lead  to  the  establishment  of  a  sound  basis  for  differentiating 
between  standards  for  passenger  and  cargo  air  carrier  operations.  Based 
upon  the  trial  operations  under  the  waivers,  the  Board  determined  that  a  more 
extensive  background  of  operating  experience  was  necessary.  This  led  to  the 
promulgation  of  Special  Civil  Air  Reg^ation  No.  SR-411  (20  F.R.  4765)  which 
permitted  any  number  of  any  type  of  transport  category  airplane  to  be  operated 
by  any  air  carrier  at  increased  weights  in  cargo  service. 

FVom  the  data  submitted  by  the  operators  in  accordance  with  SR-411,  the 
Board  concluded  that  the  scope  of  operations  under  SR-411  had  been  such 
that  substantiation  of  the  conditions  for  these  operations  for  inclusion  in  the 
regulations  on  a  permanent  basis  would  entail  a  long-range  program.  The 
Board,  therefore,  extended  the  trial  operations  by  adopting  SR-411  A  on  June 
28,  1957  (22  F.R.  4684),  with  a  termination  date  of  June  30,  1962. 

SR-411  A  is  applicable  to  airplanes  certificated  under  the  transport  cate¬ 
gory  airworthiness  requirements  effective  before  March  13,  1956.  The  appli- 
bility  was  so  limited  because  the  Board  believed  it  advisable  to  gain  some  ex¬ 
perience  with  the  airplanes  certificated  under  the  provisions  of  Part  4b  effective 
on  and  after  March  13,  1956,  at  the  normal  transport  category  weights  before 
permitting  such  airplanes  to  operate  at  increased  weights.  In  arriving  at  this 
conclusion,  the  Board  took  into  consideration  the  new  concept  of  structural 
dedgtt  requirements  as  well  as  other  related  changes  in  these  requirements 
which  were  introduced  in  Part  4b  on  March  13,  1956. 
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As  the  preambles  to  both  SR-411  and  SR-411A  indicated,  the  purpose  in 
permitting  the  trial  operation  of  transport  category  airplanes  in  cargo  service 
at  the  arbitrary  increased  zero  fuel  and  landing  weights  was  to  determine 
through  operating  experience  whether  the  conditions  governing  the  triai  opera- 
tions  would  provide  a  sound  basis  for  establishing  future  standards  for  air¬ 
planes  in  cargo  operations  at  increased  weights.  During  the  approximately 
seven  years  that  these  trial  operations  have  been  conducted,  a  substantial 
amount  of  data  has  been  amassed  concerning  the  airplanes  approved  for 
operation  under  these  Special  Civil  Air  Reguiations. 

The  data  submitted  and  the  operating  experience  gaini'd  under  SR-'411 
and  SR**411A  indicate  that  the  airpianes  approved  for  and  operated  at  the 
increased  weights  can  continue  to  be  operated  at  such  increased  weights  under 
certain  conditions  without  adverse  effect  upon  the  safety  of  such  airplanes. 
The  inspection  reports  submitted  by  the  operators  under  SR-411  and  SR-411  A 
have  not  indicated  any  serious  structural  difficulties  resulting  from  operation 
at  the  increased  weights.  The  service  history  of  these  airplanes  with  respect 
to  fatigue  cracks  and  other  damage  is  rimilar  to  that  for  airplanes  of  the  same 
type  operated  in  passenger  service.  Furthermore,  cargo  operators  have  ex¬ 
pressed  a  need  to  continue  operation  of  these  airplanes  at  the  increased  weights 
in  their  cargo  operations.  Therefore,  Draft  Release  62-18  proposed  to  extend 
the  provisions  of  SR-411A  indefinitely  to  the  types  of  airplanes  that  have  been 
qualified  and  operated  at  such  weights.  However,  the  proposal  did  not  specify 
the  particular  models  of  the  various  types  approved  for  increased  weights 
under  SR-411  and  SR-411A.  Furthermore,  it  has  subsequently  been  deter¬ 
mined  that  the  L-1649A  airplane  as  modified  under  supplements  type  certifi¬ 
cate  SA  4-1402  has  been  approved  for  operation  and  has  been  operated  under 
the  provisions  of  SR-411  A.  While  the  application  for  the  type  certificate  for 
this  airplane  was  filed  in  1955,  the  manufacturer  elected  to  comply  with  the 
later  requirements  of  Part  4b  rather  than  those  in  effect  at  the  time  of  his  appli¬ 
cation  for  type  certificate.  Subsequently,  a  supplemental  type  certificate  was 
issued  covering  a  modification  to  this  airplane  based  on  a  demonstration  of 
compliance  with  the  requirements  in  effect  on  the  date  of  the  application  for 
the  type  certificate  for  the  airplane.  Since  this  modified  airplane  was  certifi¬ 
cated  in  accordance  with  the  provisions  of  Part  4b,  effective  prior  to  March 
13,  1956,  it  is  included  in  the  airplanes  permitted  to  be  operated  under  the 
terms  of  this  special  regulation. 

One  of  the  comments  received  in  response  to  Draft  Release  62-18  ex¬ 
pressed  opposition  to  the  proposed  indefinite  extension  of  SR-411  A  on  the 
grounds  that  there  should  be  one  set  of  safety  standards  for  the  design  and 
operation  of  aU  transport  category  airplanes  without  regard  as  to  whether  the 
airplane  is  used  for  the  carriage  of  cargo  or  passengers.  In  this  respect,  it 
should  be  noted  that  the  airplanes  covered  under  this  regulation  are  the  air¬ 
planes  which  have  been  operated  for  the  carriage  of  cargo  at  the  increased 
weights  without  any  adverse  effect  on  safety,  and  that  the  special  inspections 
conducted  by  the  operators  have  not  indicated  any  serious  structural  problems 
with  respect  to  these  airplanes  operated  at  the  increased  weights  as  compared 
with  airplanes  operated  in  passenger  operations.  Furthermore,  this  regulation 
requires  operators  to  continue  these  special  inspections.  Consequently,  the 
Agency  does  not  believe  that  it  would  be  justified  in  arbitrarily  terminating 
the  authorization  to  operate  such  airplanes  at  the  increased  weights. 
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On  the  other  hand,  the  majority  oi  the  comments  received  in  reqionse 
to  Draft  Release  62-18  concurred  in  the  proposed  regulation  and  at  the  same 
time  recommended  that  varions  airplanes  other  than  those  covered  in  the 
proposal  be  permitted  to  operate  in  cargo  service  at  the  arbitrary  increased 
weights.  Numerous  and  detailed  arguments  have  been  presented  in  support 
of  these  recommendations  for  broadening  the  scope  of  the  proposal.  How¬ 
ever,  these  recommendations  require  consideration  of  matters  which  go  beyond 
the  scope  of  the  proposed  regulation,  and  there  is  not  sufficient  time  remaining 
prior  to  the  expiration  of  SR-411A  for  the  necessary  evaluation  of  such  matters. 
Therefore,  the  regulation  is  being  adopted  substantially  as  proposed  and  further 
study  will  be  given  to  such  recommendations  insofar  as  they  might  indicate  a 
need  for  additional  rule  making  action  on  this  matter. 

In  view  of  the  fwegoing,  the  special  regulation  set  forth  hereinafter 
permits  only  those  airplane  types  and  models  which  were  approved  for  trial 
<9»ations  under  SR-411  and  SR-411A  to  be  used  in  the  carriage  of  cargo 
with  the  arbitrary  increased  weights. 

This  regulation  relaxes  the  provisions  of  SR-411A  to  the  extent  that  it 
also  applies  to  foreign  air  carriers  operating  the  specified  airplanes.  The 
provimons  of  SR-411A  were  made  applicable  only  to  United  States  air  carriers 
because  the  conditions  for  the  triid  operations  required  close  cooperation 
between  the  manufacturer,  operator,  and  the  Civil  Aeronautics  Administration 
during  the  initial  technical  evaluation  and  in  the  inspection  and  reporting 
procedures.  However,  mnce  this  regulation  permits  the  continued  use  of 
increased  weights  only  for  those  type  airplanes  previously  approved  for  opera¬ 
tion  under  SR-411  A,  for  which  the  necessary  data  and  procedures  are  already 
available,  the  increased  weights  can  now  be  made  applicable  to  any  foreign 
air  carrier  using  airplanes  of  the  specified  types  in  the  carriage  of  cargo  only. 

This  regulation  continues  the  requirement  contained  in  SR-411  A  that 
airplanes  used  by  air  carriers  at  the  increased  weights  be  operated  in  accord¬ 
ance  with  the  passenger-carrying  transport  category  operating  limitations  of 
Part  40,  41,  or  42,  as  the  case  may  be.  In  addition,  foreign  air  carriers  are 
permitted  to  operate  airplanes  under  the  authority  of  this  regulation  if  the 
country  of  registry  of  the  airplanes  requires  such  airplanes  to  be  operated  in 
accordance  with  the  performance  operating  limitations  applicable  to  United 
States  air  carriers  or  the  equivalent  thereof.  The  requirement  that  air  carriers 
must  operate  their  airplanes  under  the  provisions  of  the  regulation  in  accordance 
with  the  passenger-carrying  performance  operating  limitations  prescribed  in 
Part  40,  41,  or  42  is  considered  necessary  in  the  interest  of  safety.  Therefore, 
in  order  to  insure  an  equivalent  level  of  safety  for  operations  by  foreign  air 
carriers,  it  is  considered  appropriate  to  permit  such  carriers  to  operate  air¬ 
planes  under  the  authority  of  this  regulation  only  on  the  condition  that  the 
country  of  registry  of  the  airplanes  requires  that  such  airplanes  be  operated  in 
accordance  with  the  same  or  equivalent  performance  operating  limitations. 

This  regulation  also  continues  the  requirement  for  special  inspections, 
including  the  special  inspections  required  prior  to  returning  an  airplane  from 
cargo  to  passenger  service.  However,  in  view  of  the  volume  of  data  now 
available  for  the  eligible  airplane  types,  it  no  longer  requires  special  reports 
and  records  be  kept  with  respect  to  operations  at  increased  weights.  Based 
on  experience  gained  under  SR-411  and  SR-411  A,  it  is  believed  that  inter¬ 
mittent  cargo-passenger  operations  can  now  be  permitted  provided  the  special 
inspecti'tn  is  made  each  time  the  airplane  is  returned  to  passenger  service. 
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This  regulation  contains  a  proviso,  amilar  to  that  which  appears  in  SR- 
411  A,  requiring  a  determination  that  any  increase  in  the  zero  fuel  and  landing 
weights  for  the  specified  airplanes  does  not  seriously  affect  the  strength, 
fatigue,  flutter,  deformation,  or  vibration  characteristics  of  such  airplanes. 
While  not  proposed  in  Draft  Release  62-18,  the  Agency  is  now  of  the  opinion 
that  even  though  such  a  determination  has  already  been  made  for  the  increased 
weights  presently  authorized  for  the  spedfled  airplanes,  such  a  requirement 
should  be  continued  in  effect  to  cover  posable  mo^flcations  to  these  airplanes 
as  well  as  further  increases  in  the  approved  weights.  Since  this  provision 
merely  continues  in  effect  a  provision  currently  applicable  to  the  specified 
airplanes  and  imposes  no  additional  burden  on  any  person,  notice  and  public 
procedure  thereon  are  unnecessary  for  its  adoption  as  part  of  this  regulation. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in 
the  making  of  this  regulation,  and  due  consideration  has  been  given  to  all 
relevant  matter  presented.  Since  this  regulation  extends  many  of  the  provi¬ 
sions  of  a  currently  effective  regulation  which  expires  on  June  30,  1962,  imposes 
no  additional  burden  on  any  person,  and  a  delay  in  its  effectiveness  would 
impose  a  hardship  on  the  cargo  operators,  good  cause  exists  for  making  it 
effective  on  less  than  30  days’  notice. 

In  consideration  of  the  foregoing,  the  following  Special  Civil  Air  Regulation 
is  adopted  to  become  effective  on  June  30,  1962: 

Notwithstanding  the  applicable  structural  provisions  of  the  Civil  Air 
Regulations,  any  air  carrier  or  foreign  air  carrier  may  operate,  for  the  carriage 
of  cargo  only,  the  transport  category  airplanes  specified  in  paragraph  (1)  of 
this  regulation,  at  increased  zero  fuel  and  landing  weights,  under  the  condi¬ 
tions  specified  in  paragraphs  (2)  through  (6)  of  this  regulation. 

(1)  Transport  category  airplanes  certificated  under  the  provisions  of 
Part  4b,  effective  prior  to  March  13,  1956,  as  follows: 

(a)  DC-6A,  DC-6B,  DC-7B,  DC-7C;  and 

(b)  L-1049B,  C,  D,  E,  F,  G,  H,  L-1649A  when  modified  in  accordance 
with  supplemental  type  certificate  SA  4-1402. 

(2)  The  zero  fuel  weight  (maximum  weight  of  the  airplane  vrith  no  dis¬ 
posable  fuel  and  oil)  and  the  structural  landing  weight  may  be  increased 
beyond  the  maximum  approved  in  full  compliance  with  the  applicable  Civil 
Air  Regulations:  Provided,  That  any  increase  in  the  zero  fuel  weight  shall 
not  exceed  5  percent  and  that  the  increase  in  the  structural  landing  weight 
shall  not  exceed  the  amount,  in  pounds,  of  the  increase  in  zero  fuel  weight: 
And  provided  further.  That  the  Administrator  finds  that  the  increase  in 
either  such  weight  is  not  likely  to  reduce  seriously  the  structural  strength, 
that  the  probability  of  sudden  fatigue  failure  is  not  noticeably  increased,  and 
that  the  flutter,  deformation,  and  vibration  characteristics  do  not  fall  below 
those  required  by  the  applicable  Civil  Air  Regulations.  All  other  weight 
limitations  established  in  accordance  with  the  Civil  Air  Regulations  applicable 
to  the  type  airplane  shall  apply. 

(3)  Each  airplane  shall  be.inspected  in  accordance  with  the  special  inspec¬ 
tion  procedures  for  operations  at  increased  weights  established  and  issued  by 
the  manufacturer  of  the  particular  type  airplane  and  approved  by  the 
Administrator. 

(4)  Each  airplane  operated  by  an  air  carrier  under  this  regulation  shall  be 
operated  in  accordance  with  the  passenger-carrying  transport  category  per¬ 
formance  operating  limitations  prescribed  in  Part  40,  41,  or  42.  Operation  of 
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airplanes  by  a  foreign  air  carrier  is  not  permitted  under  the  authority  of  this 
regulation  unless  the  country  of  registry  requires  the  airplanes  to  be  operated 
in  accordance  with  such  performance  operating  limitations  or  the  equivalent 
thereof. 

(5)  The  Airplane  Flight  Manual  for  each  airplane  operated  under  the 
provisions  of  this  regulation  shall  be  appropriately  revised  to  include  the 
operating  limitations  and  information  required  for  operation  with  the  increased 
weights. 

(6)  An  airplane  operated  at  increased  weights  under  the  provisions  of 
this  regulation  shall  be  inspected  in  accordance  with  the  special  inspection 
procedures  for  return  to  passenger  service  established  and  issued  by  the 
airplane  manufacturer  and  approved  by  the  Administrator,  before  it  is  used  in 
passenger  service,  except  as  provided  for  the  carriage  of  persons  under  Special 
Civil  Air  Regulation  No.  SR-432A. 

This  regulation  supersedes  Special  Civil  Air  Regulation  No.  SR-411A. 
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SPECIAL  CIVIL  AIR  REGULATION  NO.  SR-422 

Effective:  August  27,  1957 
Adopted:  July  23,  1957 

Turbine-Powered  Transport  Category  Airplanes  of  Current  Design 

Part  4b  of  the  Civil  Air  Regulations  contains  rules  governing  the 
design  of  transport  category  airplanes.  For  a  number  of  years,  this  part 
has  established  airworthiness  requirements  for  this  category  of  airplanes 
by  prescribing  detailed  provisions  to  be  met  for  the  issuance  of  a  type 
certificate.  However,  the  advent  of  turbine-powered  airplanes  (jets,  turbo¬ 
props,  etc.)  has  brought  about  operations  at  considerably  higher  speeds 
and  altitudes  than  those  involving  reciprocating  engine  airplanes. 
These  higher  speeds  and  altitudes  as  well  as  certain  inherent  character¬ 
istics  of  turbine  engines  have  introduced  numerous  new  technical  and 
design  problems  and  have  necessitated  re-evaluation  and  amendment  of 
many  provisions  in  Part  4b. 

In  recent  years  the  Board  has  amended  Part  4b  by  introducing  numer¬ 
ous  technical  provisions  more  specifically  applicable  to  turbine-powered 
airplanes.  These  were  included  in  amendments  pertaining  to  structural, 
flight  characteristic,  powerplant  installation,  and  other  provisions.  It  is 
believed  that  Part  4b  as  now  written  is  applicable  to  turbine-powered  air¬ 
planes  with  but  one  exception;  namely,  airplane  performance.  In  the 
future,  further  amendments  to  this  part,  other  than  those  relating  to 
performance,  will  be  comparatively  minor  in  nature  mainly  reflecting  the 
latest  experience  in  the  certification  and  operation  of  these  airplanes. 

The  performance  requirements  presently  in  Part  4b  were  first  pro¬ 
mulgated  almost  twelve  years  ago.  They  are  now  considered  by  the  Board 
to  be  in  a  form  not  suitable  for  direct  application  to  turbine-powered 
airplanes. 

The  administrator  of  Civil  Aeronautics  is  in  receipt  of  a  large  number 
of  applications  for  type  certification  of  turbine-powered  airplanes.  How¬ 
ever,  the  so-called  "non-retroactive^clause  of  section  4b.ll(a)  of  Part 
4b  does  not  make  applicable  to  a  particular  airplane  type  any  amendment 
which  is  adopted  after  an  application  is  filed  by  the  manufacturer  for  type 
certification  of  that  airplane.  Thus,  most  of  these  airplanes  are  not  now 
required  to  meet  some  of  the  latest  effective  provisions  of  Part  4b  unless 
the  Board  prescribes  otherwise.  With  so  many  applications  for  type 
certificates  pending,  it  is  essential  that  the  Board  establish  adequate 
requirements  which  will  effectively  apply  to  the  type  certification  of 
turbine-powered  transport  category  airplanes.  This  Special  Civil  Air 
Regulation  is  being  promulgated  for  that  purpose. 

This  Special  Civil  Air  Regulation  is  being  made  effective  with  respect 
to  all  turbine-powered  transport  category  airplanes  not  yet  certificated. 
In  essence,  it  prescribes  a  revised  set  of  performance  requirements  for 
turbine-powered  airplanes  and  incorporates  such  of  the  recent  amend- 
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ments  to  Part  4b  as  the  Administrator  finds  necessary  to  insure  that  the 
level  of  safety  of  turbine-powered  airplanes  is  equivalent  to  that  generally 
intended  by  Part  4b. 

The  performance  requirements  contained  herein  include  not  only  the 
performance  requirements  necessary  for  the  certification  of  an  airplane, 
but  also  the  complementary  performance  operating  limitations  as  appli¬ 
cable  under  Parts  40,  41,  and  42  of  the  Civil  Air  Regulations.  In  pro¬ 
mulgating  this  new  performance  code,  the  Board  intends  that  the  resulting 
level  of  safety  will  be  generally  similar  to  the  level  of  safety  established 
by  the  performance  code  as  expressed  by  the  provisions  now  contained  in 
Parts  4b  and  40  (or  41  or  42  as  appropriate)  for  reciprocating  engine  air¬ 
planes.  To  attain  this,  many  of  the  performance  provisions  have  been 
modified  for  better  applicability  to  turbine-powered  airplanes,  some  in  the 
direction  of  liberalization,  others  in  the  direction  of  improvement  in  the 
required  performance. 

A  significant  change  being  made  is  the  introduction  of  full  tempera¬ 
ture  accountability  in  all  stages  of  performance,  except  the  landing 
distances  required.  The  introduction  of  full  temperature  accountability 
will  insure  that  the  airplane’s  performance  is  satisfactory  irrespective  of 
the  existing  atmospheric  temperature.  The  performance  requirements 
heretofore  applicable  did  not  give  sufficient  assurance  in  this  respect. 

The  reason  for  omitting  the  direct  application  of  temperature  account¬ 
ability  in  the  requirement  for  landing  distances  is  that  this  stage  of 
performance  always  has  been  treated  in  a  highly  empirical  fashion 
whereby  temperature  effects  are  taken  into  account  indirectly  together 
with  the  effects  of  other  operational  factors.  Long  range  studies  on 
rationalization  of  airplane  performance  so  far  have  not  yielded  a  satisfac¬ 
tory  solution  to  the  landing  stage  of  performance.  The  Board  hopes, 
however,  that  continued  studies  will  result  in  a  solution  of  this  problem 
in  the  near  future. 

The  introduction  of  full  temperature  accountability  has  necessitated 
a  complete  re-evaluation  of  the  minimum  climb  requirements.  Since  the 
prescribed  climb  must  now  be  met  at  all  temperatures  rather  than  to  be 
associated  with  standard  temperature,  the  specific  values  of  climb  have 
been  altered.  In  ea  ;<  ::  stance,  the  change  has  been  in  the  downward 
direction  because,  ai  om  n  the  previous  values  were  related  to  standard 
temperature,  a  satisfaciory  resultant  climb  performance  was  attained  at 
temperatures  substantially  above  standard.  While  values  of  minimum 
climb  performance  specified  in  the  new  code  will  tend  to  increase  the 
maximum  certificated  weights  of  the  airplane  for  the  lower  range  of 
temperatures,  they  will  limit  these  weights  for  the  upper  range  of  tem¬ 
peratures,  giving  adequate  assurance  of  satisfactory  climb  performance 
at  all  temperatures. 

In  considering  the  various  stages  of  flight  where  minimum  values 
of  climb  have  been  heretofore  established,  the  Board  finds  that  in  two 
of  the  stages  (all-engines-operating  en  route  and  one-engine-inoperative 
en  route)  the  establishment  of  minimum  values  of  climb  is  unnecessary 
because,  in  the  case  of  the  all-engines-operating  stage,  it  has  been  found 
not  to  be  critical  and  the  case  of  the  one-engine-inoperative  stage  is  now 
more  effectively  covered  by  the  en  route  performance  operating  limitations. 
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Considering  that  the  minimum  climbs  being  presciibed  affect  mainly 
the  maximum  certificated  weights  of  the  airplane  but  not  the  maximum 
operating  weights,  the  Board,  in  adopting  the  new  performance  code, 
places  considerable  emphasis  on  the  ability  of  the  airplane  to  clear  ob¬ 
stacles  on  take-off  and  during  flight.  To  this  end,  criteria  for  the  take-off 
path,  the  en  route  flight  paths,  and  the  transition  from  take-off  to  the 
en  route  stage  of  flight  have  been  prescribed  to  reflect  realistic  operating 
procedures.  Temperature  is  fully  accounted  for  in  establishing  all  flight 
paths  and  an  expanding  clearance  between  the  take-off  path  and  the 
terrain  or  obstacles  is  required  until  the  en  route  stage  of  flight  is  reached. 

In  order  to  insure  that  the  objectives  of  the  prescribed  performance 
are  in  fact  realized  in  actual  operations,  the  manufacturer  is  required 
to  establish  procedures  to  be  followed  in  the  operation  of  the  airplane  in 
the  various  conditions  specified  in  the  regulation.  These  procedures,  each 
demgned  for  a  specific  airplane,  will  permit  the  operator  to  utilize  the 
full  performance  capabilities  of  the  airplane  more  readily  than  if  the 
regulations  prescribed  all-inclusive  procedures.  The  use  of  these  pro¬ 
cedures  in  determining  compliance  with  the  requirements  governing  take¬ 
off,  en  route,  and  landing  stages,  will  also  add  considerable  flexibility 
to  the  regulation. 

The  new  performance  requirements  established  more  clearly  than 
heretofore  which  of  the  performance  limitations  are  conditions  on  the 
airworthiness  certificate  of  the  airplane.  In  addition  to  the  maximum 
certificated  take-off  and  landing  weights,  there  are  included  limitations 
on  the  take-off  distances  and  on  the  use  of  the  airplane  within  the  ranges 
of  operational  variables,  such  as  altitude,  temperature,  and  wind.  Since 
these  limitations  are  in  the  airworthiness  certificate,  they  are  applicable 
to  all  type  operations  conducted  with  the  airplane. 

The  new  performance  code  contains  values  for  minimum  climb  ex¬ 
pressed  as  gradients  of  climb,  in  percent,  rather  than  as  rates  of  climb, 
in  feet  per  minute,  as  has  been  the  case  heretofore.  The  Board  believes 
that  the  gradient  of  climb  is  more  direct  in  expressing  the  performance 
margins  of  the  airplane.  Use  of  the  gradient  eliminates  the  influence 
of  the  stalling  speed  on  the  required  climb.  Heretofore,  higher  rates  of 
climb  were  required  for  airplanes  with  higher  stalling  speeds.  The  only 
differentiation  in  the  new  code  with  respect  to  the  required  climb  is  b^ 
tween  two  and  four-engine  airplanes.  This  type  of  differentiation  is  of 
long  standing  in  the  regulations,  being  applicable  to  the  one-engine- 
inoperative  stage  of  flight.  It  is  now  being  expanded  to  the  take-off  and 
approach  stages. 

The  new  performance  requirements  contained  herein  are  based  on  the 
best  information  presently  available  to  the  Board.  It  is  realized,  how¬ 
ever,  that  due  to  the  present  limited  operating  experience  with  turbine- 
powered  transport  airplanes,  improvement  in  the  requirements  can  be 
expected  as  a  result  of  the  direct  application  of  the  code  to  specific  designs 
of  new  airplanes.  There  are  certain  areas  in  the  new  requirements 
where  additional  refinement  of  details  might  be  advisable.  This  is  so 
particularly  in  the  case  of  the  requirements  pertaining  to  the  landing  stage 
of  flight.  It  is  anticipated  that,  after  further  study  of  the  regulation 
and  especially  after  its  application  in  the  design,  certification,  and  opera¬ 
tion  of  forthcoming  turbine-powered  airplanes,  the  desirability  of  changes 
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may  become  more  apparent.  It  is  the  intent  of  the  Board  to  consider 
without  delay  such  changes  as  might  be  found  necessary.  Only  after 
the  provisions  of  this  Special  Civil  Air  Regulation  are  reasonably  veri¬ 
fied  by  practical  application  will  the  Board  consider  incorporating  them 
on  a  more  permanent  basis  into  Parts  4b,  40,  41,  and  42  of  the  Civil  Air 
Regulations. 

This  Special  Civil  Air  Regulation  is  not  intended  to  compromise  the 
authority  of  the  Administrator  under  section  4b.l0  to  impose  such  special 
conditions  as  he  finds  necessary  in  any  particular  case  to  avoid  unsafe 
design  features  and  otherwise  to  insure  equivalent  safety. 

Interested  persons  have  been  afforded  an  opportunity  to  participate 
in  the  making  of  this  regulation  (21  F.R.  6091),  and  due  consideration  has 
been  given  to  all  relevant  matter  presented. 

In  consideration  of  the  foregoing,  the  Civil  Aeronautics  Board  hereby 
makes  and  promulgates  the  following  Special  Civil  Air  Regulation,  effec¬ 
tive  August  27, 1957. 

Contrary  provisions  of  the  Civil  Air  Regulations  notwithstanding,  all 
turbine-powered  transport  category  airplanes  for  which  a  type  certificate 
is  issued  after  the  effective  date  of  this  Special  Civil  Air  Regulation  shall 
comply  with  the  following : 

1.  The  provisions  of  Part  4b  of  the  Civil  Air  Regulations,  effective  on 
the  date  of  application  for  type  certificate;  and  such  of  the  provisions  of  all 
subsequent  amendments  to  Part  4b,  in  effect  prior  to  the  effective  date  of 
this  special  regulation,  as  the  Administrator  finds  necessary  to  insure  that 
the  level  of  safety  of  turbine-powered  airplanes  is  equivalent  to  that  gen¬ 
erally  intended  by  Part  4b. 

2.  In  lieu  of  sections  4b.ll0  through  4b.l25,  and  4b.743  of  Part  4b  of 
the  Civil  Air  Regulations,  the  following  shall  be  applicable : 

PERFORMANCE 

4T.110  General. 

(a)  The  performance  of  the  airplane  shall  be  determined  and 
scheduled  in  accordance  with,  and  shall  meet  the  minima  prescribed  by, 
the  provisions  of  sections  4T.110  through  4T.123.  The  performance  limi¬ 
tations,  information,  and  other  data  shall  be  given  in  accordance  with 
section  4T.743. 

(b)  Unless  otherwise  specifically  prescribed,  the  performance 
shall  correspond  with  ambient  atmospheric  conditions  and  still  air.  Hu¬ 
midity  shall  be  accounted  for  as  specified  in  paragraph  (c)  of  this  section. 

(c)  The  performance  as  affected  by  engine  power  and/or  thrust 
shall  be  based  on  a  relative  humidity  of  80  percent  at  and  below  standard 
temperatures  and  on  34  percent  at  and  above  standard  temperatures  plus 
50°  F.  Between  these  two  temperatures  the  relative  humidity  shall  vary 
linearly. 

(d)  The  performance  shall  correspond  with  the  propulsive 
thrust  available  under  the  particular  ambient  atmospheric  conditions,  the 
particular  flight  conditions,  and  the  relative  humidity  specified  in  para¬ 
graph  (c)  of  this  section.  The  available  propulsive  thrust  shall  corre¬ 
spond  with  engine  power  and/or  thrust  not  exceeding  the  approved  power 
and/or  thrust  less  the  installational  losses  and  less  the  power  and/or 
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equivalent  thrust  absorbed  by  the  accessories  and  services  appropriate  to 
the  particular  ambient  atmospheric  conditions  and  the  particular  flight 
condition. 

4T.111  Airplane  configuration,  speed,  power,  and/or  thrust; 

general. 

(a)  The  airplane  configuration  (setting  of  wing  and  cowl  flaps, 
air  brakes,  landing  gear,  propeller,  etc.),  denoted  respectively  as  the  take- 
oif,  en  route,  approach,  and  landing  configurations,  shall  be  selected  by 
the  applicant  except  as  otherwise  prescribed. 

(b)  It  shall  be  acceptable  to  make  the  airplane  configurations 
variable  with  weight,  altitude,  and  temperature,  to  an  extent  found  by  the 
Administrator  to  be  compatible  with  operating  procedures  required  in 
accordance  with  paragraph  (c)  of  this  section. 

(c)  In  determining  the  accelerate-stop  distances,  take-off  flight 
paths,  take-off  distances,  and  landing  distances,  changes  in  the  airplane’s 
configuration  and  speed,  and  in  the  power  and/or  thrust  shall  be  in  accord¬ 
ance  with  procedures  established  by  the  applicant  for  the  operation  of  the 
airplane  in  service,  except  as  otherwise  prescribed.  The  procedures  shall 
comply  with  the  provisions  of  subparagraphs  (1)  through  (3)  of  this 
paragraph. 

(1)  The  Administrator  shall  find  that  the  procedures  can  be 
consistently  executed  in  service  by  crews  of  average  skill. 

(2)  The  procedures  shall  not  involve  methods  or  the  use  of 
devices  which  have  not  been  proven  to  be  safe  and  reliable. 

(3)  Allowance  shall  be  made  for  such  time  delays  in  the  exe¬ 
cution  of  the  procedures  as  may  be  reasonably  expected  to  occur  during 
service. 

4T.112  Stalling  speeds. 

the  minimum  steady  flight  speed  at  which  the  airplane  is  controllable,  in 

(a)  The  speed  F,,  shall  denote  the  calibrated  stalling  speed,  or 
knots,  with : 

(1)  Zero  thrust  at  the  stalling  speed,  or  engines  idling  and 
throttles  closed  if  it  is  shown  that  the  resultant  thrust  has  no  appreciable 
effect  on  the  stalling  speed ; 

(2)  If  applicable,  propeller  pitch  controls  in  the  position 
necessary  for  compliance  with  subparagraph  (1)  of  this  paragraph; 

(3)  The  airplane  in  the  landing  configuration; 

(4)  The  center  of  gravity  in  the  most  unfavorable  position 
within  the  allowable  landing  range; 

(5)  The  weight  of  the  airplane  equal  to  the  weight  in  con¬ 
nection  with  which  V,  is  being  used  to  determine  compliance  with  a  par¬ 
ticular  requirement. 

(b)  The  speed  V^^  shall  denote  the  calibrated  stalling  speed, 
or  the  minimum  steady  flight  speed  at  which  the  airplane  is  controllable, 
in  knots,  with: 

(1)  Zero  thrust  at  the  stalling  speed,  or  engines  idling  and 
throttles  closed  if  it  is  shown  that  the  resultant  thrust  has  no  appreciable 
effect  on  the  stalling  speed; 

(2)  If  applicable,  propeller  pitch  controls  in  the  position  nec¬ 
essary  for  compliance  with  subparagraph  (1)  of  this  paragraph;  the  air- 
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plane  in  all  other  respects  (flaps,  landing  gear,  etc.)  in  the  particular 
configuration  corresponding  with  that  in  connection  with  which  F.,  is 
being  used; 

(3)  The  weight  of  the  airplane  equal  to  the  weight  in  connec¬ 
tion  with  which  F,,  is  being  used  to  determine  compliance  with  a  par¬ 
ticular  requirement. 

(c)  The  stall  speeds  defined  in  this  section  shall  be  the  min¬ 
imum  speeds  obtained  in  flight  tests  conducted  in  accordance  with  the 
procedure  of  subparagraphs  (1)  and  (2)  of  this  paragraph. 

(1)  With  the  airplane  trimmed  for  straight  flight  at  a  speed 
of  1.4  y.  and  from  a  speed  sufficiently  above  the  stalling  speed  to  insure 
steady  conditions,  the  elevator  control  shall  be  applied  at  a  rate  such 
that  the  airplane  speed  reduction  does  not  exceed  one  knot  per  second. 

(2)  During  the  test  prescribed  in  subparagraph  (1)  of  this 
paragraph,  the  flight  characteristics  provisions  of  section  4b.l60  of  Part 
4b  of  the  Civil  Air  Regulations  shall  be  complied  with. 

4T.113  Take-off;  general. 

(a)  The  take-off  data  in  sections  4T.114  through  4T.il7  shall 
be  determined  under  the  conditions  of  subparagraphs  (1)  and  (2)  of  this 
paragraph. 

(1)  At  all  weights,  altitudes,  and  ambient  temperatures 
within  the  operational  limits  established  by  the  applicant  for  the  airplane. 

(2)  In  the  configuration  for  take-off  (see  sec.  4T.111). 

(b)  Take-off  data  shall  be  based  on  a  smooth,  dry,  hard-surfaced 
runway,  and  shall  be  determined  in  such  a  manner  that  reproduction  of 
the  performance  does  not  require  exceptional  skill  or  alertness  on  the 
part  of  the  pilot.  In  the  case  of  seaplanes  or  float  planes,  the  take-off 
surface  shall  be  smooth  water,  while  for  skiplanes  it  shall  be  smooth 
dry  snow.  In  addition,  the  take-off  data  shall  be  corrected  in  accordance 
with  subparagraphs  (1)  and  (2)  of  this  paragraph  for  wind  and  for  run¬ 
way  gradients  within  the  operational  limits  established  by  the  applicant 
for  the  airplane. 

(1)  Not  more  than  50  percent  of  nominal  wind  components 
along  the  take-off  path  opposite  to  the  direction  of  take-off,  and  not  less 
than  150  percent  of  nominal  wind  components  along  the  take-off  path  in 
the  direction  of  take-off. 

(2)  Effective  runway  gradients. 

4T.114  Take-off  speeds. 

(a)  The  critical-engine-failure  speed  V, ,  in  terms  of  calibrated 
air  speed,  shall  be  selected  by  the  applicant,  but  shall  not  be  less  than 
the  minimum  speed  at  which  controllability  by  primary  aerodynamic  con¬ 
trols  alone  is  demonstrated  during  the  take-off  run  to  be  adequate  to  per¬ 
mit  proceeding  safely  with  the  take-off  using  average  piloting  skill,  when 
the  critical  engine  is  suddenly  made  inoperative. 

(b)  The  minimum  take-off  safety  speed  Vz,  in  terms  of  cali¬ 
brated  air  speed,  shall  be  selected  by  the  applicant  so  as  to  permit  the 
gradient  of  climb  required  in  section  4T.120  (a)  and  (b),  but  it  shall  not 
be  less  than: 

(1)  1.2  F,,  for  two-engine  propeller-driven  airplanes  and  for 
airplanes  without  propellers  which  have  no  provisions  for  obtaining  a  sig¬ 
nificant  reduction  in  the  one-engine-inoperative  power-on  stalling  speed. 
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(2)  1.15  V>i  for  propeller-driven  airplanes  having  more  than 
two  engines  and  for  airplanes  without  propellers  which  have  provisions 
for  obtaining  a  significant  reduction  in  the  one-engine-inoperative  power- 
on  stalling  speed; 

(3)  1.10  times  the  minimum  control  speed  Vmc,  established  in 
accordance  with  section  4b.l33  of  Part  4b  of  the  Civil  Air  Regulations. 

(c)  If  engine  failure  is  assumed  to  occur  at  or  after  the  attain¬ 
ment  of  Vi ,  the  demonstration  in  which  the  take-off  run  is  continued  to 
include  the  take-off  climb,  as  provided  in  paragraph  (a)  of  this  section, 
shall  not  be  required. 

4T.115  Acceleratestop  distance. 

(a)  The  accelerate-stop  distance  shall  be  the  sum  of  the 

following : 

(1)  The  distance  required  to  accelerate  the  airplane  from 
a  standing  start  to  the  speed  F, ; 

(2)  Assuming  the  critical  engine  to  fail  at  the  speed  F„  the 
distance  required  to  bring  the  airplane  to  a  full  stop  from  the  point 
corresponding  with  the  speed  F,. 

(b)  In  addition  to,  or  in  lieu  of,  wheel  brakes,  the  use  of  other 
braking  means  shall  be  acceptable  in  determining  the  accelerate-stop  dis¬ 
tance,  provided  that  such  braking  means  shall  have  been  proven  to  be 
safe  and  reliable,  that  the  manner  of  their  employment  is  such  that  con¬ 
sistent  results  can  be  expected  in  service,  and  that  exceptional  skill  is  not 
required  to  control  the  airplane. 

(c)  The  landing  gear  shall  remain  extended  throughout  the 
accelerate-stop  distance. 

4T.116  Take-off  path.  The  take-off  path  shall  be  considered  to 
extend  from  the  standing  start  to  a  point  in  the  take-off  where  a  height 
of  1,000  feet  above  the  take-off  surface  is  reached  or  to  a  point  in  the 
take-off  where  the  transition  from  the  take-off  to  the  en  route  configura¬ 
tion  is  completed  and  a  speed  is  reached  at  which  compliance  with 
section  4T.120(c)  is  shown,  whichever  point  is  at  a  higher  altitude.  The 
conditions  of  paragraphs  (a)  through  (i)  of  this  section  shall  apply  in 
determining  the  take-off  path. 

(a)  The  take-off  path  shall  be  based  upon  procedures  prescribed 
in  accordance  with  section  4T.lll(c). 

(b)  The  airplane  shall  be  accelerated  on  or  near  the  ground 
to  the  speed  Vi  during  which  time  the  critical  engine  shall  be  made  in¬ 
operative  at  speed  F,  and  shall  remain  inoperative  during  the  remainder 
of  the  take-off. 

(c)  Landing  gear  retraction  shall  not  be  initiated  prior  to  reach¬ 
ing  the  speed  Fj . 

(d)  The  slope  of  the  airborne  portion  of  the  take-off  path  shall 
be  positive  at  all  points. 

(e)  After  the  Vi  speed  is  reached,  the  speed  throughout  the 
take-off  path  shall  not  be  less  than  V,  and  shall  be  constant  from  the 
point  where  the  landing  gear  is  completely  retracted  until  a  height  of 
400  feet  above  the  take-off  surface  is  reached. 

(f)  Except  for  gear  retraction  and  propeller  feathering,  the 
airplane  configuration  shall  not  be  changed  before  reaching  a  height  of 
400  feet  above  the  take-off  surface. 
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(g)  At  all  points  along  the  take-off  path  starting  at  the  point 
where  the  airplane  first  reaches  a  height  of  400  feet  above  the  take-off 
surface,  the  available  gradient  of  climb  shall  not  be  less  than  1.4  percent 
for  two-engine  airplanes  and  1.8  percent  for  four-engine  airplanes. 

(h)  The  take-off  path  shall  be  determined  either  by  a  contin¬ 
uous  demonstration  take-off,  or  alternatively,  by  synthesizing  from  seg¬ 
ments  the  complete  take-off  path. 

(1)  If  the  take-off  path  is  determined  by  the  segmental  method, 
the  provisions  of  subparagraphs  (1)  through  (4)  of  this  paragraph  shall 
be  specifically  applicable. 

(1)  llie  segments  of  a  segmental  take-off  path  shall  be  clearly 
defined  and  shall  be  related  to  the  distinct  changes  in  the  configuration 
of  the  airplane,  in  power  and/or  thrust,  and  in  speed. 

(2)  The  weight  of  the  airplane,  the  configuration,  and  the 
power  and/or  thrust  shall  be  constant  throughout  each  segment  and  shall 
correspond  with  the  most  critical  condition  prevailing  in  the  particular 
s^ment. 

(3)  The  segmental  fiight  path  shall  be  based  on  the  airplane’s 
performance  without  ground  effect. 

(4)  Segmental  take-off  path  data  shall  be  checked  by  con¬ 
tinuous  demonstrated  take-offs  to  insure  that  the  segmental  path  is 
conservative  relative  to  the  continuous  path. 

4T.117  Ttdee-off  distance.  The  take-off  distance  shall  be  the  hori¬ 
zontal  distance  along  the  take-off  path  from  the  start  of  the  take-off  to  the 
point  where  the  airplane  attains  a  height  of  35  feet  above  the  take-off 
surface  as  determined  in  accordance  with  4T.116. 

4T.118  Climb;  general.  Compliance  shall  be  shown  with  the 
climb  requirements  of  sections  4T.119  and  4T.120  at  all  weights,  altitudes, 
and  ambient  temperatures,  within  the  operational  limits  established  by 
the  applicant  for  the  airplane.  The  airplane’s  center  of  gravity  shall  be 
in  the  most  unfavorable  position  corresponding  with  the  applicable 
configuration. 

4T.119  All-engine-operating  landing  climb.  In  the  landing  con¬ 
figuration,  the  steady  gradient  of  climb  shall  not  be  less  than  4.0  per  cent, 
with: 

(a)  All  engines  operating  at  the  available  take-off  power  and/or 

thrust; 

(b)  A  climb  speed  not  in  excess  of  1.4  Vs^ . 

4T.120  One-engine4noperative  climb. 

(a)  Take-off;  landing  gear  extended.  In  the  take-off  configura¬ 
tion  at  the  point  of  the  fiight  path  where  the  airplane’s  speed  first  reaches 
Vt ,  in  accordance  with  section  4T.116  but  without  ground  effect,  the  steady 
gradient  of  climb  shall  be  positive  with : 

(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  available  take-off  power  and/or  thrust  existing  in  accord¬ 
ance  with  section  4T.116  at  the  time  the  airplane’s  landing  gear  is  fully 
retracted; 

(2)  The  weight  equal  to  the  airplane’s  weight  existing  in 
accordance  with  section  4T.116  at  the  time  retraction  of  the  airplane’s 
landing  gear  is  initiated ; 

(3)  The  speed  equal  to  the  speed  Vt . 
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(b)  Take-afF;  landing  gear  retracted.  In  the  take>ofF  configura* 
tion  at  the  point  of  the  flight  path  where  the  airplane’s  landing  gear  is 
fully  retracted,  in  accordance  with  section  4T.116  but  without  ground 
effect,  the  steady  gradient  of  climb  shall  not  be  less  than  2^  percent  for 
two^ingine  airplanes  and  not  less  than  3.0  percent  for  four-engine  air¬ 
planes,  with: 

(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  take-off  power  and/or  thrust  available  at  a  height  of  400 
feet  above  the  take-off  surface  and  existing  in  accordance  with  section 
4T.116; 

(2)  The  weight  equal  to  the  airplane’s  weight  existing  in 
accordance  with  section  4T.116  at  the  time  the  airplane’s  landing  gear  is 
fully  retracted ; 

(3)  The  speed  equal  to  the  speed  Vt . 

(c)  Fined  tedee-off.  In  the  en  route  configuration,  the  steady 
gradient  of  climb  shall  not  be  less  than  1.4  percent  for  two-engine  air¬ 
planes  and  not  less  than  1.8  percent  for  four-engine  airplanes,  at  the  end 
of  the  take-off  path  as  determined  by  section  4T.116,  with : 

(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  available  maximum  continuous  power  and/or  thrust; 

(2)  The  weight  equal  to  the  airplane’s  weight  existing  in 
accorda^tce  with  section  4T.116  at  the  time  retraction  of  the  airplane’s 
flaps  is  initiated ; 

(3)  The  speed  equal  to  not  less  than  1.25  F,, . 

(d)  Approach.  In  the  approach  configuration  such  that 

does  not  exceed  1.10  ,  the  steady  gradient  of  climb  shall  not  be  less  than 

2.2  percent  for  two-engine  airplanes  and  not  less  than  2.8  percent  for 
four-engine  airplanes,  with: 

(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  available  take-off  power  and/or  thrust ; 

(2)  The  weight  equal  to  the  maximum  landing  weight ; 

(3)  A  climb  speed  in  excess  of  1.5  Fg, ; 

4T.121  En  route  flight  paths.  With  the  airplane  in  the  en  route 
configuration,  the  flight  paths  prescribed  in  paragraphs  (a)  and  (b)  of 
this  section  shall  be  determined  at  all  weights,  altitudes,  and  ambient 
temperatures  within  the  limits  established  by  the  applicant  for  the 
airplane. 

(a)  One  engine  inoperative.  The  one-engine-inoperative  net 
flight  path  data  shall  be  determined  in  such  a  manner  that  they  represent 
the  airplane’s  actual  climb  performance  diminished  by  a  gradient  of  climb 
equal  to  1.4  percent  for  two-engine  airplanes  and  1.8  percent  for  four- 
engine  airplanes.  It  shall  be  acceptable  to  include  in  these  data  the 
variation  of  the  airplane’s  weight  along  the  flight  path  to  take  into  ac¬ 
count  the  progressive  consumption  of  fuel  and  oil  by  the  operating 
engine(s). 

(b)  Two  engines  inoperative.  For  airplanes  with  four  engines, 
the  two-engine-inoperative  net  flight  path  data  shall  be  determined  in 
such  a  manner  that  they  represent  the  airplane’s  actual  climb  perform¬ 
ance  diminished  by  a  gradient  of  climb  equal  to  0.6  percent.  It  shall  be 
acceptable  to  include  in  these  data  the  variation  of  the  airplane’s  weight 
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along  the  flight  path  to  take  into  account  the  progressive  consumption 
of  fuel  and  oil  by  the  operating  engines. 

(c)  Conditions.  In  determining  the  flight  paths  prescribed  in 
paragraphs  (a)  and  (b)  of  this  section,  the  conditions  of  subparagraphs 

(1)  through  (4)  of  this  paragraph  shall  apply. 

(1)  The  airplane’s  center  of  gravity  shall  be  in  the  most  un¬ 
favorable  position. 

(2)  The  critical  engine(s)  shall  be  inoperative,  the  remaining 
engine(s)  operating  at  the  available  maximum  continuous  power  and/or 
thrust. 

(3)  Means  for  controlling  the  engine  cooling  air  supply  shall 
be  in  the  position  which  provides  adequate  cooling  in  the  hot-day  condition. 

(4)  The  speed  shall  be  selected  by  the  applicant. 

4T.122  Landing  distance.  The  landing  distance  shall  be  the 
horizontal  distance  required  to  land  and  to  come  to  a  complete  stop  (to  a 
speed  of  approximately  3  knots  in  the  case  of  seaplanes  or  float  planes) 
from  a  point  at  a  height  of  50  feet  above  the  landing  surface.  Landing 
distances  shall  be  determined  for  standard  temperatures  at  all  weights, 
altitudes,  and  winds  within  the  operational  limits  established  by  the  ap¬ 
plicant  for  the  airplane.  The  conditions  of  paragraphs  (a)  through  (f) 
of  this  section  shall  apply. 

(a)  The  airplane  shall  be  in  the  landing  configuration.  Dur¬ 
ing  the  landing,  changes  in  the  airplane’s  configuration,  in  power  and/or 
thrust,  and  in  speed  shall  be  in  accordance  with  procedures  established 
by  the  applicant  for  the  operation  of  the  airplane  in  service.  The  pro¬ 
cedures  shall  comply  with  the  provisions  of  section  4T.lll(c). 

(b)  The  landing  shall  be  preceded  by  a  steady  gliding  approach 
down  to  the  5()-foot  height  with  a  calibrated  air  speed  of  not  less  than  1.3 

y>.- 

(c)  The  landing  distance  shall  be  based  on  a  smo&.  'i,  dry,  hard¬ 
surfaced  runway,  and  shall  be  determined  in  such  a  maz  ier  that  repro¬ 
duction  does  not  require  exceptional  skill  or  alertness  on  the  part  of  the 
pilot.  In  the  case  of  seaplanes  or  float  planes,  the  landing  surface  shall 
be  smooth  water,  while  for  skiplanes  it  shall  be  smooth  dry  snow.  During 
landing,  the  airplane  shall  not  exhibit  excessive  vertical  acceleration,  a 
tendency  to  bounce,  nose  over,  ground  loop,  porpoise,  or  water  loop. 

(d)  The  landing  distance  shall  be  corrected  for  not  more  than 
50  percent  of  nominal  wind  components  along  the  landing  path  opposite 
to  the  direction  of  landing  and  not  less  than  150  percent  of  nominal  wind 
components  along  the  landing  p  h  in  the  direction  of  landing. 

(e)  During  landing,  the  operating  pressures  on  the  wheel  brak¬ 
ing  system  shall  not  be  in  excess  of  those  approved  by  the  manufacturer 
of  the  brakes,  and  the  wheel  brakes  shall  not  be  used  in  such  a  manner 
as  to  produce  excessive  wear  of  brakes  and  tires. 

(f )  If  the  Administrator  finds  that  a  device  on  the  airplane  other 
than  wheel  brakes  has  a  noticeable  effect  on  the  landing  distance  and  if 
the  device  depends  upon  the  operation  *^f  the  engine  and  the  effect  of  such 
a  device  is  not  compensated  for  by  other  devices  in  the  event  of  engine 
failure,  the  landing  distance  shall  be  determined  by  assuming  the  crit¬ 
ical  engine  to  be  inoperative. 
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4T.123  Limitations  and  information. 

(a)  Limitations.  The  performance  limitations  on  the  operation 
of  the  airplane  shall  be  established  in  accordance  with  subparagraphs  (1) 
through  (4)  of  this  paragraph.  (See  also  sec.  4T.743.) 

(1)  Take-off  weights.  The  maximum  take-off  weights  shall 
be  established  at  which  compliance  is  shown  with  the  generally  applicable 
provisions  of  this  regulation  and  with  section  4T.120  (a),  (b),  and  (c)  for 
altitudes  and  ambient  temperatures  within  the  operational  limits  of  the 
airplane  (see  subparagraph  (4)  of  this  paragraph). 

(2)  Landing  weights.  The  maximum  landing  weights  shall 
be  established  at  which  compliance  is  shown  with  the  generally  applicable 
provisions  of  this  regulation  and  with  sections  4T.119  and  4T.120(d)  for 
altitudes  and  ambient  temperatures  within  the  operational  limits  of  the 
airplane  (see  subparagraph  (4)  of  this  paragraph). 

(3)  Take-off  and  aceelerate-stop  distances.  The  minimum 
distances  required  for  takeoff  shall  be  established  at  which  compliance  is 
shown  with  the  generally  applicable  provisions  of  this  regulation  and  with 
sections  4T.115  and  4T.117  for  weights,  altitudes,  temperatures,  wind  com¬ 
ponents,  and  runway  gradients,  within  the  operaticnal  limits  of  the  air¬ 
plane  (see  subparagraph  (4)  of  this  paragraph). 

(4)  Operational  limits.  The  operational  limits  of  the  airplane 
shall  be  established  by  the  applicant  for  all  variable  factors  required  in 
showing  compliance  with  this  regulation  (weight,  altitude,  temperature, 
etc.).  (See  secs.  4T.113(a)  (1)  and  (b),  4T.118,  4T.121,  and  4T.122.) 

(b)  information.  The  performance  information  on  the  opera¬ 
tion  of  the  airplane  shall  be  scheduled  in  compliance  with  the  generally 
applicable  provisions  of  this  regulation  and  with  sections  4T.116,  4T.121, 
and  4T.122  for  weights,  altitudes,  temperatures,  wind  components,  and 
runway  gradients,  as  these  may  be  applicable,  within  the  operational  limits 
of  the  airplane  (see  subparagraph  (a)(4)  of  this  section).  In  addition, 
the  performance  information  specified  in  subparagraphs  (1)  through  (3) 
of  this  paragraph  shall  be  determined  by  extrapolation  and  scheduled  for 
the  ranges  of  weights  between  the  maximum  landing  and  maximum  take¬ 
off  weights  established  in  accordance  with  subparagraphs  (a)(1)  and 
(a)  (2)  of  this  section.  (See  also  sec.  4T.743.) 

(1)  Climb  in  the  landing  configuration  (see  sec.  4T.119) ; 

(2)  Climb  in  the  approach  configuration  (see  sec.  4T.120(d)) ; 

(3)  Landing  distance  (see  sec.  4T.122). 

AIRPLANE  FLIGHT  MANUAL 

4T.743  Performance  linUtcdions,  information,  and  other  data. 

(a)  Limitations.  The  airplanes’  performance  limitations  shall 
be  given  in  accordance  with  section  4T.I23(a). 

(b)  Information.  The  performance  information  prescribed  in 
section  4T.123(b)  for  the  application  of  the  operating  rules  of  this  regula¬ 
tion  shall  be  given  together  with  descriptions  of  the  conditions,  air  speeds, 
etc.,  under  which  the  data  were  determined. 

(c)  Procedures.  For  all  stages  of  flight,  procedures  shall  be 
given  with  respect  to  airplane  configurations,  power  and/or  thrust  set- 
ings,  and  indicated  air  speeds,  to  the  extent  such  procedures  are  related 
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to  the  limitations  and  information  set  forth  in  accordance  with  paragraphs 

(a)  and  (b)  of  this  section. 

(d)  Miscellaneous.  An  explanation  shall  be  given  of  significant 
or  unusual  flight  or  ground  handling  characteristics  of  the  airplane. 

3.  In  lieu  of  sections  40.70  through  40.78,  41.27  through  41.36(d),  and 
42.70  through  42.83,  of  Parts  40,  41,  and  42  of  the  Civil  Air  Regulations, 
respectively,  the  following  shall  be  applicable: 

OPERATING  RULES 

40T.80  Transport  category  airplane  operating  limitations. 

(a)  In  operating  any  passenger-carrying  transport  category 
airplane  certificated  in  accordance  with  the  performance  requirements  of 
this  regulation,  the  provisions  of  sections  40T.80  through  40T.84  shall 
be  complied  with,  unless  deviations  therefrom  are  specifically  authorized 
by  the  Administrator  on  the  ground  that  the  special  circumstances  of  a 
particular  case  make  a  literal  observance  of  the  requirements  unnecessary 
for  safety. 

(b)  The  performance  data  in  the  Airplane  Flight  Manual  shall 
be  applied  in  determining  compliance  with  the  provisions  of  sections  40T.81 
through  40.T.84.  Where  conditions  differ  from  those  for  which  specific 
tests  were  made  compliance  shall  be  determined  by  approved  interpolation 
or  computation  of  the  effects  of  changes  in  the  specific  variables  if  such 
interpolations  or  computations  give  results  substantially  equalling  in  ac¬ 
curacy  the  results  of  a  direct  test. 

40T.81  Airplanes  certificate  limitations. 

(a)  No  airplane  shall  be  taken  off  at  a  weight  which  exceeds 
the  take-off  weight  specified  in  the  Airplane  Flight  Manual  for  the  eleva¬ 
tion  of  the  airport  and  for  the  ambient  temperature  existing  at  the  time  of 
the  take-off.  (See  secs.  4T.123(a)(l)  and  4T.743(a).) 

(b)  No  airplane  shall  be  taken  off  at  a  weight  such  that,  allow¬ 
ing  for  normal  consumption  of  fuel  and  oil  in  flight  to  the  airport  of  des¬ 
tination,  the  weight  on  arrival  will  exceed  the  landing  weight  specified  in 
the  Airplane  Flight  Manual  for  the  elevation  of  the  airport  of  destination 
and  for  the  ambient  temperature  anticipated  there  at  the  time  of  landing. 
(See  secs.  4T.123(a)(2)  and  4T.743(a).) 

(c)  No  airi -ane  shall  be  taken  off  at  a  weight  which  exceeds 
the  weight  shown  in  the  Airplane  Flight  Manual  to  correspond  with  the 
minimum  distance  required  for  take-off  on  the  runway  to  be  used.  The 
takeH)ff  distance  shall  correspond  with  the  elevation  of  the  airport,  the 
effective  runway  gradient,  and  the  ambient  temperature  and  wind  compo¬ 
nent  existing  at  the  time  of  take-off.  (See  secs.  4T.123(a)(3)  and  4T.743 
(a).) 

(d)  No  airplane  shall  be  operated  outside  the  operational  limits 
specified  in  the  Airplane  Flight  Manual.  (See  secs.  4T.123(a)(4)  and 
4T.743(a).) 

40T.82  Take-off  obstacle  clearance  limitations.  No  airplane  shall 
be  taken  off  at  a  weight  in  excess  of  that  shown  in  the  Airplane  Flight  Man¬ 
ual  to  correspond  with  a  take-off  path  which  clears  all  obstacles  either  by 
at  least  a  height  equal  to  (35  -f-  0.01D)  feet  vertically,  where  D  is  the  distance 
out  along  the  intended  flight  path  from  the  end  of  the  runway  in  feet,  or 
by  at  least  200  feet  horizontally  within  the  airport  boundaries  and  by  at 


270 


CAM  4b 


APPENDIX  U 


SR-422 


least  300  feet  horizontally  after  passing  beyond  the  boundaries.  In  de¬ 
termining  the  allowable  deviation  of  the  flight  path  in  order  to  avoid  ob¬ 
stacles  by  at  least  the  distances  prescribed,  it  shall  be  assumed  that  the 
airplane  is  not  banked  before  reaching  a  height  of  50  feet  as  shown  by  the 
take-off  path  data  in  the  Airplane  Flight  Manual,  and  that  a  maximum 
bank  thereafter  does  not  exceed  15  degrees.  The  take-off  path  considered 
shall  be  for  the  elevation  of  the  airport,  the  effective  runway  gradient,  and 
for  the  ambient  temperature  and  wind  component  existing  at  the  time  of 
take-off.  (See  secs.  4T.123(b)  and  4T.743(b).) 

40T.  83  En  route  limitations. 

(a)  One  engine  inoperative.  No  airplane  shall  be  taken  off  at 
a  weight  in  excess  of  that  which,  according  to  the  one-engine-inoperative 
en  route  net  flight  path  data  shown  in  the  Airplane  Flight  Manual,  will 
permit  compliance  with  either  subparagraph  (1)  or  subparagraph  (2)  of 
this  paragraph  at  all  points  along  the  route.  The  net  flight  path  used  shall 
be  for  the  ambient  temperatures  anticipated  along  the  route.  (See  secs. 
4T.123(b)  and  4T.743(b).) 

(1)  The  slope  of  the  net  flight  path  shall  be  positive  at  an  alti¬ 
tude  of  at  least  1,000  feet  above  all  terrain  and  obstructions  along  the 
route  within  5  miles  on  either  side  of  the  intended  track. 

(2)  The  net  flight  path  shall  be  such  as  to  permit  the  airplane 
to  continue  flight  from  the  cruising  altitude  to  an  alternate  airport  where 
a  landing  can  be  made  in  accordance  with  the  provisions  of  section  40T.84 
(b),  the  net  flight  path  clearing  vertically  by  at  least  2,000  feet  all  terrain 
and  obstructions  along  the  route  within  5  miles  on  either  side  of  the  in¬ 
tended  track.  The  provisions  of  subdivisions  (i)  through  (vii)  of  this 
paragraph  shall  apply. 

(i)  The  engine  shall  be  assumed  to  fail  at  the  most  critical 
point  along  the  route. 

(ii)  The  airplanes  shall  be  assumed  to  pass  over  the  critical 
obstruction  following  engine  failure  at  a  point  no  closer  to  the  critical 
obstruction  than  the  nearest  approved  radio  navigational  fix,  except  that 
the  Administrator  may  authorize  a  procedure  established  on  a  different 
basis  where  adequate  operational  safeguards  are  found  to  exist. 

(iii)  The  net  flight  path  shall  have  a  positive  slope  at  1,000 
feet  above  the  airport  used  as  the  alternate. 

(iv)  An  approved  method  shall  be  used  to  account  for  winds 
which  would  otherwise  adversely  affect  the  flight  path. 

(v)  Fuel  jettisoning  shall  be  permitted  if  the  Administrator 
finds  that  the  operator  has  an  adequate  training  program,  proper  instruc¬ 
tions  are  given  to  the  flight  crew,  and  all  other  precautions  are  taken  to 
insure  a  safe  procedure. 

(vi)  The  alternate  airport  shall  be  specified  in  the  dispatch 
release  and  shall  meet  the  prescribed  weather  minima. 

(vii)  The  consumption  of  fuel  and  oil  after  the  engine  be¬ 
comes  inoperative  shall  be  that  which  is  accounted  for  in  the  net  flight 
path  data  shown  in  the  Airplane  Flight  Manual. 

(b)  Two  engines  inoperative.  No  airplane  shall  be  flown  along 
an  intended  route  except  in  compliance  with  either  subparagraph  (1)  or 
subparagraph  (2)  of  this  paragraph. 

(1)  No  place  along  the  intended  track  shall  be  more  than  90 
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minutes  away  from  an  airport  at  which  a  landing  can  be  made  in  accord¬ 
ance  with  the  provisions  of  section  40T.84(b),  assuming  all  engines  to 
be  operating  at  cruising  power. 

(2)  No  airplane  shall  be  taken  off  at  a  weight  in  excess  of 
that  which,  according  to  the  two-engine-inoperative  en  route  net  flight 
path  data  shown  in  the  Airplane  Flight  Manual,  will  permit  the  airplane 
to  continue  flight  from  the  point  where  two  engines  are  assumed  to  fail 
simultaneously  to  an  airport  where  a  landing  can  be  made  in  accordance 
with  the  provisions  of  section  40T.84(b),  the  net  flight  path  having  a 
positive  slope  at  an  altitude  of  at  least  1,000  feet  above  all  terrain  and 
obstructions  along  the  route  within  5  miles  on  either  side  of  the  intended 
track  or  at  an  altitude  of  5,000  feet,  whichever  is  higher.  The  net  flight 
path  considered  shall  be  for  the  ambient  temperatures  anticipated  along 
the  route.  The  provisions  of  subdivision  (i)  through  (iii)  of  this  subpara¬ 
graph  shall  apply.  (See  secs.  4T.123(b)  and  4T.743(b).) 

(i)  The  two  engines  shall  be  assumed  to  fail  at  the  most 
critical  point  along  the  route. 

(ii)  If  fuel  jettisoning  is  provided,  the  airplane’s  weight  at 
the  point  where  the  two  engines  are  assumed  to  fail  shall  be  considered 
to  be  not  less  than  that  which  would  include  sufficient  fuel  to  proceed  to 
the  airport  and  to  arrive  there  at  an  altitude  of  at  least  1,000  feet  directly 
over  the  landing  area. 

(iii)  The  consumption  of  fuel  and  oil  after  the  engines  be¬ 
come  inoperative  shall  be  that  which  is  accounted  for  in  the  net  flight  path 
data  shown  in  the  Airplane  Flight  Manual. 

40T.84  Landing  limitations. 

(a)  Airport  of  destination.  No  airplane  shall  be  taken  off  at  a 
weight  in  excess  of  that  which,  in  accordance  with  the  landing  distances 
shown  in  the  Airplane  Flight  Manual  for  the  elevation  of  the  airport  of 
intended  destination  and  for  the  wind  conditions  anticipated  there  at  the 
time  of  landing,  would  permit  the  airplane  to  be  brought  to  rest  at  the  air¬ 
port  of  intended  destination  within  60  percent  of  the  effective  length  of 
the  runway  from  a  point  50  feet  directly  above  the  intersection  of  the 
obstruction  clearance  plane  and  the  runway.  The  weight  of  the  airplane 
shall  be  assumed  to  be  reduced  by  the  weight  of  the  fuel  and  oil  expected 
to  be  consumed  in  flight  to  the  airport  of  intended  destination.  Compli¬ 
ance  shall  be  shown  with  the  conditions  of  subparagraphs  (1)  and  (2)  of 
this  paragraph.  (See  secs,  4T.123(b)  and  4T.743(b).) 

(1)  It  shall  be  assumed  that  the  airplane  is  landed  on  the  most 
favorable  runway  and  direction  in  still  air. 

(2)  It  shall  be  assumed  that  the  airplane  is  landed  on  the 
most  suitable  runway  considering  the  probable  wind  velocity  and  direc¬ 
tion  and  taking  due  account  of  the  ground  handling  characteristics  of 
the  airplane  and  of  other  conditions  (i.e.,  landing  aids,  terrain,  etc.).  If 
full  compliance  with  the  provisions  of  this  subparagraph  is  not  shown, 
the  airplane  may  be  taken  off  if  an  alternate  airport  is  designated  which 
permits  compliance  with  paragraph  (b)  of  this  section. 

(b)  Alternate  airport.  No  airport  shall  be  designated  as  an 
alternate  airport  in  a  dispatch  release  unless  the  airplane  at  the  weight 
anticipated  at  the  time  of  arrival  at  such  airport  can  comply  with  the 
provisions  of  paragraph  (a)  of  this  section,  provided  that  the  airplane  can 
be  brought  to  rest  within  70  percent  of  the  effective  length  of  the  runway. 
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Adopted;  July  2,  1958 
Effective:  July  2,  1958 

Turbine-Powered  Transport  Category  Airplanes  of  Current  Design 

On  July  23,  1957,  the  Board  adopted  Special  Civil  Air  Regulation  No. 
SR-422  which  sets  forth  airworthiness  requirements  applicable  to  the  type 
certification  and  operation  of  turbine-powered  transport  category  air¬ 
planes  for  which  a  type  certificate  is  issued  after  August  27,  1957.  In¬ 
cluded  in  that  regulation  was  a  new  set  of  performance  requirements, 
with  respect  to  which  the  Board  indicated  that  consideration  would  be 
given  to  any  changes  found  necessary  as  a  result  of  further  study  and 
experience.  The  preamble  to  SR-122  contains  the  relevant  considerations 
leading  to  its  promulgation  and  is  considered  to  provide  the  basic  back¬ 
ground  for  this  regulation. 

Since  the  adoption  of  SR-422,  considerable  study  has  been  devoted 
to  the  new  performance  requirements  by  all  interested  parties.  As  a 
result  of  these  studies  and  of  further  experience  gained  in  the  design, 
certification,  and  operation  of  turbine-powered  airplanes,  certain  issues 
with  respect  to  SR-422  require  re-evaluation.  This  regulation  reflects  the 
resolution  of  most  of  the  outstanding  issues  in  the  light  of  the  best  in¬ 
formation  presently  available  to  the  Board. 

The  following  provisions  of  this  regulation  differ  from,  or  are  addi¬ 
tional  to,  the  provisions  of  SR-422;  Introductory  paragraph;  item  1; 
sections 4T.lll(c) ;  4T.112 ;  4T.114  (b),  (b)(1),  (b)(4),  and  (c) ;  introductory 
paragraph  of  4T.116;  4T.116  (b),  (c),  (e),  and  (g) ;  4T.117;  4T.117a;  4T.119; 
4T.120  (a),  (a)(1),  (b),  (b)(1),  (c),  (c)(2),  (c)(3),  (d),  and  (d)(3);  4T.121 

(a)  and  (b);  introductory  paragraph  of  4T.122;  4T.122  (b),  (f),  and  (g); 
4T.123  (a)(1),  (a)(2),  (a)(3),  and  (b);  4T.743(c);  40T.81  (b)  and  (c); 
40T.82;  40T.83  (a)(2)(iii),  (b)(2),  and  (b)(2)(ii);  item  4;  and  item  5.  Of 
these  provisions,  the  following  differ  from  those  proposed  in  Civil  Air 
Regulations  Draft  Release  No.  58-6:  sections  4T.lll(c);  4T.112(a)(4) ; 
4T.114  a)(4),  (c),  (c)(2),  (c)(3),  and  (c)(4);  4T.116  (c)  and  (e);  4T.117 

(b) (1)  and  (b)(2);  4T.119(a);  4T.120(a);  40T.81(c)  and  43T.ll(c). 

With  respect  to  the  applicability  of  this  regulation,  experience  with 

certification  under  SR-422  indicates  that  a  lead  time  of  about  two  months 
between  the  date  of  adoption  of  the  regulation  and  the  date  of  issuance 
of  the  type  certificate  should  provide  a  reasonable  period  of  time  within 
which  to  show  compliance  with  this  regulation.  In  view  of  this,  and 
in  the  interest  of  having  uniform  regulations  applicable  to  most  of  the 
turbine-powered  airplanes,  it  is  considered  advisable  to  have  this  reg¬ 
ulation  apply  to  all  such  airplanes  for  which  a  type  certificate  is  issued 
after  September  30, 1958.  Turbine-powered  transport  category  airplanes 
for  which  a  type  certificate  is  issued  on  or  prior  to  September  30,  1958, 
may  comply  with  the  provisions  of  this  regulation  in  lieu  of  SR^22.  If 
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this  option  is  exercised,  it  is  intended  that  compliance  be  shown  with  all 
the  provisions  of  this  regulation  and  it  is  not  intended  to  permit  a  show¬ 
ing  of  compliance  with  portions  of  this  r^ulation  and  portions  of  SR^22. 

The  provisions  of  this  regulation  involve  the  following  technical 
issues: 

A  substantive  change  is  made  by  introducing  an  all-engines-operating 
take-off  In  establishing  the  take-off  distance.  Presently,  the  take-off  dis¬ 
tance  is  based  only  on  a  one-engine-out  take-off.  To  insure  that  an  ade¬ 
quate  margin  of  safety  will  exist  for  day-in  and  day-out  operations,  the 
minimum  take-off  distance  is  being  related  to  both  the  one-engine- 
inoperative  distance  now  prescribed  and  to  the  distance  with  all  engines 
operating,  with  a  factor  of  1.15  being  applied  to  the  latter. 

There  are  also  included  important  changes  with  respect  to  the  speeds 
applicable  to  the  take-off  path.  The  provisions  of  SR-422  prescribe  that 
the  airplane  shall  be  accelerated  on  or  near  the  ground  to  the  speed 
.  This  provision  has  been  subject  to  varying  interpretations  having 
a  marked  difference  in  effect  on  the  resultant  level  of  performance.  The 
issue  in  this  matter  is  whether  or  not  the  airplane  should  be  permitted 
to  lift  off  the  runway  at  some  speed  below  Vt .  Because  of  the  increased 
acceleration  of  turbine-powered  airplanes,  the  tendency  to  overshoot  the 
lift-off  speed  will  be  greater  than  on  piston-engine  airplanes  and  this  ten¬ 
dency  increases  with  the  reduction  in  weight  of  the  airplane.  To  restrict 
lift-off  to  the  minimum  take-off  safety  speed  Vt  would  unduly  extend 
the  take-off  distance  in  cases  where  such  overshooting  of  speed  occurs. 
Such  a  restriction  would  be  unnecessarily  conservative  and  would  not 
reflect  realistic  take-off  procedures.  For  these  reasons  this  regulation 
permits  the  airplane  to  lift  off  the  ground  at  a  speed  lower  than  the  Vt 
speed,  but  prescribes  certain  limiting  conditions.  The  lift-off  speed  is 
related  to  a  rotational  speed  Vb  which  must  not  be  less  than  95  percent 
of  the  minimum  Fj  speed  and  must  be  10  percent  greater  than  a  speed 
at  which  no  hazardous  characteristics  are  displayed  by  the  airplane,  such 
as  a  relatively  high  drag  condition  or  a  ground  stall.  The  Fj  speed  has 
been  re-defined  to  take  into  account  the  increment  in  speed  arising  from 
overshoot  tendencies.  Under  the  new  definition,  the  minimum  Fz  speed 
corresponds  with  the  minimum  take-off  safety  speed  as  now  defined  in 
SR-422.  With  respect  to  the  take-off  path,  the  Fz  speed  is  required  to 
be  attained  prior  to  reaching  a  height  of  35  feet  above  the  take-off  surface 
and  thus  is  related  to  the  selection  of  the  rotational  speed.  Further,  there 
is  a  revision  which  requires  Fz  to  be  maintained  as  close  as  practicable 
at  a  constant  value  from  the  35-foot  point  to  a  height  of  400  feet  above 
the  take-off  surface.  This  speed  is  the  speed  at  which  the  prescribed 
minimum  take-off  gradients  must  be  met. 

There  is  introduced  in  this  regulation  the  concept  of  unbalanced  take¬ 
off  field  lengths.  SR-422  does  not  preclude  unbalancing  of  field  lengths, 
provided  that  the  unbalancing  is  within  the  length  of  the  runway.  Other 
countries  have  employed  unbalancing  with  respect  to  so-called  ‘^stopways” 
and  ^clearways.”  It  appears  that  United  States  operators  ultimately 
will  find  it  advantageous  to  resort  to  the  use  of  unbalancing,  but  probably 
not  to  the  same  extent  as  practiced  in  other  countries.  On  the  premise 
that  onb  ';lcarways  will  be  utilized,  the  amendments  have  been  formu¬ 
lated  accordingly.  Clearways,  as  defined  herein,  are  areas  not  suitable 
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for  stopping  the  airplane  in  the  event  of  an  aborted  take-off,  but  ade¬ 
quate  to  provide  additional  take-off  distance  for  climb-out.  To  safeguard 
operations  utilizing  clearways,  there  is  introduced  the  concept  of  a  take¬ 
off  run  which  operationally  relates  to  the  determination  of  the  minimum 
runway  length  required.  The  take-off  run  is  defined  as  the  greater  of 
the  horizontal  distances  along  the  take-off  path  to  a  given  point  with  one 
engine  inoperative  or  with  all  engines  operating,  with  a  margin  of  15 
percent  being  added  to  the  latter.  The  take-off  run  is  measured  from 
the  beginning  of  take-off  to  a  point  equidistant  between  the  point  where 
the  airplane  lifts  off  and  the  point  where  a  height  of  35  feet  is  reached. 
The  required  runway  length  must  not  be  less  than  the  take-off  run  nor 
less  than  the  accelerate  stop  distance. 

According  to  the  definition  given,  a  clearway  is  subjected  to  the  con¬ 
trol  of  the  airport  authorities.  It  is  not  intended,  however,  that  there  be 
ownership  by  the  airport  authorities  of  the  area  in  which  the  clearway 
lies.  The  objective  for  requiring  control  by  the  airport  authorities  is 
to  insure  that  no  flight  will  be  initiated  using  a  clearway  unless  it  is  de¬ 
termined  with  certainty  that  no  movable  obstacle  will  exist  within  the 
clearway  when  the  airplane  flies  over. 

It  is  anticipated  that  the  introduction  of  clearways  will  offer  further 
possibilities  of  increasing  the  utility  of  existing  airport  facilities  in  this 
country.  When  such  areas  can  be  integrated  into  existing  facilities,  eco¬ 
nomical  benefits  will  accrue  to  the  community  and  the  operators.  In 
addition,  since  clearways  are  presently  available  at  some  of  the  airports 
in  other  countries.  United  States  operators  will  have  the  opportunity  of 
taking  advantage  of  such  facilities. 

There  are  included  changes  with  respect  to  the  prescribed  minimum 
altitude  of  1,000  feet  relative  to  the  take-off  path  and  to  the  one-engine- 
inoperative  and  two-engine-inoperative  requirements  applicable  to  the  vi¬ 
cinity  of  the  airport.  Heretofore,  the  Civil  Air  Regulations  have  incor¬ 
porated  the  reference  altitude  of  1,000  feet  in  respect  of  performance 
criteria  over  the  airport.  Obscure  as  is  the  significance  of  this  altitude 
operationally,  the  altitude  of  1,500  feet  has  worldwide  precedent  of  being 
used  as  the  altitude  above  the  airport  at  which,  generally,  IFR  approaches 
are  initiated  and  go-around  procedures  executed.  For  this  reason,  the 
changes  made  extend  the  take-off  path  to  a  minimum  altitude  of  1,500 
feet  and  make  this  altitude  applicable  to  the  prescribed  performance  cri¬ 
teria  above  the  airport  for  the  one-  and  two-engine-inoperative  en  route 
requirements.  It  is  not  anticipated  that  these  changes  will  create  any 
problems  with  respect  to  the  en  route  stages  of  flight;  however,  it  is  real¬ 
ized  that  a  further  extension  of  the  take-off  path  might  add  to  the  problem 
of  obtaining  accurate  data  on  obstacles  relatively  distant  from  the  air¬ 
port.  The  Board  finds  that  the  extension  of  the  flight  path  to  1,500  feet 
is  warranted  in  light  of  the  operational  significance  of  this  altitude  and 
because  the  extended  flight  paths  will  provide  more  fully  for  adequate 
terrain  clearance  at  the  end  of  the  take-off  path. 

There  is  included  a  change  with  respect  to  the  take-off  path  whereby 
the  take-off  flight  path  is  established  as  starting  from  a  35-foot  height 
at  the  end  of  the  take-off  distance  and  a  net  take-off  flight  is  prescribed 
for  operational  use.  This  latter  change  is  for  consistency  with  the  speci¬ 
fication  of  net  fiight  paths  for  the  en  route  stages  of  flight  and  to  simplify 
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determination  of  obstacle  clearances  operationally.  The  net  flight  path 
is  specified  to  be  the  actual  flight  path  diminished  by  a  gradient  of  1.0 
percent.  It  is  intended  that  the  net  flight  path  be  obtained  from  the 
gross  flight  path  by  simple  geometric  means. 

The  change  in  the  altitude  from  1,000  to  1,500  feet  previously  mentioned, 
as  well  as  a  re-evaluation  in  other  respects  of  some  of  the  climb  gradients 
in  SR-422,  justify  certain  changes.  The  gr;  nts  of  1.4  and  1.8  applicable 
to  the  take-off  path  and  the  final  take-otl  climb  are  being  reduced  to 
1.2  and  1.7  for  two-engine  and  four-engine  airplanes,  respectively.  In 
addition,  the  gradients  of  1.4  and  1.8  in  the  one-engine-inoperative  en  route 
case  are  being  reduced  to  1.1  and  1.6,  respectively. 

Changes  are  made  with  respect  to  the  one-engine-inoperative  take-off 
climb  by  interrelating  more  realistically  the  prescribed  airplane  config¬ 
uration,  weight,  and  power.  These  changes,  in  effect,  permit  meeting  the 
prescribed  gradients  of  climb  at  slightly  higher  airplane  weights  than 
would  be  possible  under  the  presently  effective  provisions. 

There  is  included  a  change  to  the  provisions  applicable  to  the  one- 
engine-inoperative  take-off  climb  with  landing  gear  extended  which  in¬ 
creases  the  prescribed  minimum  gradient  from  substantially  zero  to  0.5 
percent  for  four-engine  airplanes.  This  change  is  made  to  attain  consist¬ 
ency  in  the  difference  between  gradients  applicable  to  twins  and  fours. 

Changes  are  incorporated  in  connection  with  the  two-engine-inopera¬ 
tive  en  route  requirement.  Representations  have  been  made  that  the 
gradient  of  0.6  percent  now  prescribed  is  unduly  conservative.  On  the 
other  hand,  it  has  been  pointed  out  that  the  fuel  requirements  for  this 
case  are  not  realistically  covered.  Both  of  these  contentions  warrant 
consideration  and  changes  are  included  which  reduce  the  margin  gradient 
from  0.6  to  0.5  percent,  reduce  the  prescribed  altitude  from  5,000  to  2,000 
feet,  and  require  scheduling  the  flight  so  that  there  is  sufficient  fuel  on 
board  to  reach  the  airport  and  subsequently  to  fly  for  15  minutes  at  cruise 
power  or  thrust. 

Changes  are  also  made  relative  to  the  approach  and  landing  stages  of 
flight.  There  is  a  new  provision  which  requires  the  establishment  of 
procedures  for  the  execution  of  missed  approaches  and  balked  landings. 
A  question  has  been  raised  as  to  whether  the  speed  limitation  of  1.5 
applicable  to  the  approach  condition  is  realistically  related  to  the  normal 
day-in  and  day-out  landing  procedures.  To  insure  that  it  will  be  so 
related,  it  is  required  that  the  speed  used  for  demonstrating  the  approach 
climb  be  established  consistent  with  the  landing  procedures,  but  that  it 
not  exceed  1.5  F, .  In  addition,  the  approach  gradient  of  2.8  percent  pre¬ 
scribed  for  four-engine  airplanes  is  being  reduced  to  2.7  percent  to  obtain 
consistency  in  the  differences  between  gradients  applicable  to  twins  and 
fours. 

A  change  is  made  to  the  "all-engines-operating  landing  climb”  pro¬ 
visions  which  now  require  a  4.0  percent  gradient  of  climb  in  the  landing 
configuration.  On  the  premise  that  requiring  the  landing  configuration 
during  the  climb  after  a  balk  is  unduly  conservative,  consideration  was 
given  to  a  proposal  to  permit  showing  of  compliance  with  the  4.0  percent 
gradient  of  climb  in  the  configuration  which  would  exist  5  seconds  after 
the  initiation  of  the  climb.  Further  study  of  this  proposal  indicated  that 
such  a  rule  would  tend  to  introduce  complications  in  design  and  lead  to 
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less  favorable  operating:  procedures  which  ultimately  would  not  contribute 
to  safety.  One  of  the  most  important  factors  in  connection  with  this 
configuration  is  the  response  of  the  engines  to  throttle  movement.  There¬ 
fore,  there  is  a  provision  which  requires  that  the  power  used  in  showing 
compliance  with  the  climb  gradient  be  that  power  or  thrust  attained  8 
seconds  after  initiation  of  movement  of  the  power  controls  to  the  take-off 
position  from  the  minimum  flight  idle  position.  In  addition,  for  con¬ 
sistency  with  the  procedures  used  for  determining  the  landing  distance, 
the  speed  limitation  of  1.4  V,  is  reduced  to  1.3  V. .  Concern  has  been 
indicated  to  the  effect  that  any  reduction  in  the  prescribed  gradient  of 
4.0  percent  might  not  insure  in  all  cases  the  ability  of  the  airplane  to 
continue  a  safe  climb  after  a  balk.  To  provide  a  further  safeguard,  the 
take-off  weight-altitude-temperature  limitations  (WAT  limitations  stem¬ 
ming  from  the  application  of  the  one-engine-inoperative  take-off  climb 
requirements)  are  being  made  applicable  to  the  maximum  landing  weight 
at  the  airport  of  landing.  In  the  past,  the  landing  weight  limitations 
were  applicable  to  the  airport  of  destination  but  not  to  the  weather  alter¬ 
nates.  This  regulation  makes  both  the  take-off  weight  and  landing  weight 
limitations  equally  applicable  to  the  airport  of  destination  and  the  weather 
alternates.  In  view  of  the  aforementioned  changes,  a  reduction  of  the 
required  climb  gradient  from  4.0  to  3.2  percent  is  justified  and  included 
in  this  regulation. 

In  addition  to  the  substantive  changes  which  have  been  discussed, 
there  are  three  significant  changes  of  a  clarifying  nature.  The  first  deals 
with  the  determination  of  the  landing  distance  as  affected  by  devices  or 
means  other  than  wheel  brakes.  There  is  included  a  provision  similar 
to  the  one  applicable  to  the  accelerate-stop  distance  for  application  to  the 
landing  distance.  This  provision  permits  the  use  of  means  other  than 
wheel  brakes  in  the  determination  of  the  landing  distance.  Additionally, 
there  is  a  change  to  the  provision  which  requires  in  some  cases  the  deter¬ 
mination  of  the  landing  distance  with  one  engine  inoperative.  It  is  be¬ 
lieved  that  the  new  requirement  expresses  the  intent  more  clearly.  One 
of  the  more  obvious  applications  of  this  provision  is  in  respect  of  turbo¬ 
propeller  airplanes.  Such  airplanes  usually  are  landed  with  the  pro¬ 
pellers  in  a  relatively  high  drag  position.  If  one  of  the  engines  becomes 
inoperative,  its  propeller  would  be  expected  to  be  in  a  relativly  low  drag 
position  with  the  consequence  of  a  longer  landing  distance  than  with  all 
engines  operating.  In  such  a  case  it  is  required  that  the  landing  distance 
be  determined  with  one  engine  inoperative  unless  use  could  be  made  by 
the  crew  of  other  means  (e.g.,  reverse  thrust  not  otherwise  considered  in  de¬ 
termining  the  landing  distance)  which  would  reduce  the  landing  distance 
at  least  to  that  determined  for  all-engine  operation. 

The  second  clarification  being  included  deals  with  the  provision  set¬ 
ting  forth  the  procedures  which  must  be  included  in  the  Airplane  Flight 
Manual.  This  provision  in  SR-422  does  not  make  clear  what  procedures 
are  involved  and  whether  the  procedures  are  considered  to  be  limitations 
on  the  operation  of  the  airplane.  The  clarification  in  language  specifies 
that  the  procedures  which  are  included  with  the  performance  limitations 
shall  be  considered  only  as  guidance  material. 

The  third  clarification  concerns  the  applicability  of  the  performance 
limitations  prescribed  in  SRM22.  These  consist  of  the  “certificate  limita- 
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tions”  and  the  ‘‘operating  limitations.”  The  former  relate  to  maximum 
take^>ff  and  landing  weights,  minimum  take-off  distances,  accelerate-stop 
distances,  and  the  operational  limits  imposed  upon  the  airplane.  These 
limitations,  being  part  of  the  conditions  of  the  type  and  airworthiness 
certificates,  must  be  complied  with  at  all  times  irrespective  of  the  type 
of  operation  being  conducted  (e.g.,  air  carrier,  private,  cargo).  The  “op¬ 
erating  limitations,”  distinct  from  the  “certificate  limitations,”  are  only 
applicable  when  required  by  the  operating  parts  of  the  regulations  (Parts 
40,  41,  and  42  require  compliance  for  passenger  operations).  Although 
it  appeared  that  previous  Board  pronouncements  regarding  this  general 
principle  as  well  as  the  explanation  contained  in  the  preamble  to  SR-422 
would  make  the  issue  quite  clear,  it  has  come  to  the  Board’s  attention 
that  there  is  still  some  misunderstanding  of  this  matter.  Apparently  this 
misunderstanding  stems  from  the  fact  that  SR-422  prescribes  operating 
rules  for  air  carrier  operations  which  contain  both  the  “certificate  lim¬ 
itations”  and  the  “operating  limitations”  while  no  prescription  is  given 
to  non-air-carrier  operations;  thus  giving  an  impression  that  not  even 
the  “certificate  limitations”  are  applicable  to  non-air-carriers.  The  in¬ 
clusion  of  “certificate  limitations”  for  air  carrier  operations  with  the  “op¬ 
erating  limitations”  was  meant  only  to  provide  the  operators  with  the 
convenience  of  having  together  the  complete  prescription  of  the  applicable 
performance  limitations,  notwithstanding  that  such  an  inclusion,  in  fact, 
duplicates  the  general  requirement  of  compliance  with  the  “certificate  lim¬ 
itations”  contained  in  the  Airplane  Flight  Manual.  In  view  of  the  possible 
misunderstanding  which  might  exist  from  the  aforementioned  inclusion, 
there  are  included  in  this  regulation  the  same  “certificate  limitations” 
for  application  to  all  operations  under  the  provisions  of  Part  43  of  the 
Civil  Air  Regulations. 

In  addition,  other  changes  of  a  minor  nature  are  included  herein,  the 
most  significant  of  which  is  the  generalization  of  the  stall  speed  , 
eliminating  reference  to  V,„  and 

Of  the  changes  to  SR-422  made  in  this  regulation,  there  are  a  number 
which  might  require  further  consideration  as  studies  continue  and  as 
additional  experience  is  gained  with  the  application  of  these  new  rules. 
Several  of  these  involve  new  concepts  with  which  U.S.  operators  have  had 
little  or  no  experience.  These  entail  the  requirements  relative  to  unbal¬ 
anced  field  lengths  with  respect  to  clearways,  to  the  rotational  speed,  and 
to  the  all-engine  take-off  distance.  Strong  representation  has  been  made 
to  the  Board  to  the  effect  that  the  numerical  factors  applicable  to  the  afore¬ 
mentioned  rules  are  too  high  and  should  be  reduced  pending  further  ex¬ 
perience.  The  Board  considers  that  it  would  not  be  in  the  public  interest 
to  reduce  any  of  these  factors  until  such  time  as  further  experience  indi¬ 
cates  that  they  are  in  fact  overly  conservative.  Realizing,  however,  that 
these  issues  are  of  considerable  importance  in  prescribing  a  practicable 
level  of  performance,  the  Board  stands  ready  to  reconsider  the  relevant 
provisions  of  this  regulation  at  such  time  as  substantiating  information  is 
received. 

There  are  areas  other  than  those  previously  mentioned  where  addi¬ 
tional  refinement  of  details  may  be  advisable.  This  is  so  particularly  in 
the  case  of  the  requirements  pertaining  to  the  landing  stage  of  flight,  to 
the  take-off  lateral  clearances,  and  to  the  two-engine-inoperative  en  route 


278 


CAM  4b 


APPENDIX  G 


SR^22A 


gradient  margin.  It  is  anticipated  that,  after  further  study  of  the  regula¬ 
tion  and  especially  after  its  application  in  the  design,  certification,  and 
operation  of  forthcoming  turbine-powered  airplanes,  the  desirability  of 
changes  may  become  more  apparent.  It  is  the  intent  of  the  Board  to  con¬ 
sider  without  delay  such  changes  as  might  be  found  necessary.  Only  after 
the  provisions  of  this  Special  Civil  Air  Regulation  are  reasonably  verified 
by  practical  application  will  the  Board  consider  incorporating  them  on  a 
more  permanent  basis  into  Parts  4b,  40,  41,  42,  and  43  of  the  Civil  Air 
Regulations. 

This  Special  Civil  Air  Regulation  is  not  intended  to  compromise  the 
authority  of  the  Administrator  under  section  4b.l0  to  impose  such  special 
conditions  as  he  finds  necessary  in  any  particular  case  to  avoid  unsafe 
design  features  and  otherwise  to  insure  equivalent  safety. 

Interested  persons  have  been  afforded  an  opportunity  to  participate 
in  the  making  of  this  regulation  (23  F.R.  2139),  and  due  consideration  has 
been  given  to  all  relevant  matter  presented. 

In  consideration  of  the  foregoing,  the  Civil  Aeronautics  Board  hereby 
makes  and  promulgates  the  following  Special  Civil  Air  Regulation,  effec¬ 
tive  July  2, 1958: 

Contrary  provisions  of  the  Civil  Air  Regulations  notwithstanding,  all 
turbine-powered  transport  category  airplanes  for  which  a  type  certificate 
is  issued  after  August  27,  1957,  shall  comply  with  Special  Civil  Air  Regu¬ 
lation  No.  SR-422  or,  alternatively,  with  the  following  provisions,  except 
that  those  airplanes  for  which  a  type  certificate  is  issued  after  September 
30, 1958,  shall  comply  with  the  following  provisions : 

1.  The  provisions  of  Part  4b  of  the  Civil  Air  Regulations,  effective  on 
the  date  of  application  for  type  certificate;  and  such  of  the  provisions  of 
all  subsequent  amendments  to  Part  4b,  in  effect  prior  to  August  27, 1957, 
as  the  Administrator  finds  necessary  to  insure  that  the  level  of  safety  of 
turbine-powered  airplanes  is  equivalent  to  that  generally  intended  by 
Part  4b. 

2.  In  lieu  of  sections  4b.ll0  through  4b.l25,  and  4b.743  of  Part  4b  of  the 
Civil  Air  Regulations,  the  following  shall  be  applicable : 

PERFORMANCE 

4T.110  General. 

(a)  The  performance  of  the  airplane  shall  be  determined  and 
scheduled  in  accordance  with,  and  shall  meet  the  minima  prescribed  by, 
the  provisions  of  sections  4T.110  through  4T.123.  The  performance  limi¬ 
tations,  information,  and  other  data  shall  be  given  in  accordance  with 
section  4T.743. 

(b)  Unless  otherwise  specifically  prescribed,  the  performance 
shall  correspond  with  ambient  atmospheric  conditions  and  still  air. 
Humidity  shall  be  accounted  for  as  specified  in  paragraph  (c)  of  this 
section. 

(c)  The  performance  as  affected  by  engine  power  and/or  thrust 
shall  be  based  on  a  relative  humidity  of  80  percent  at  and  below  standard 
temperatures  and  on  34  percent  at  and  above  standard  temperatures  plus 
50°  F.  Between  these  two  temperatures  the  relative  humidity  shall  vary 
linearly. 
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(d)  The  performance  shall  correspond  with  the  propulsive 
thrust  available  under  the  particular  ambient  atmospheric  conditions, 
the  particular  flight  condition,  and  the  relative  humidity  specifled  in  para¬ 
graph  (c)  of  this  section.  The  available  propulsive  thrust  shall  corres¬ 
pond  with  engine  power  and/'or  thrust  not  exceeding  the  approved  power 
and/or  thrust  less  the  installational  losses  and  less  the  power  and  or 
equivalent  thrust  absorbed  by  the  accessories  and  services  appropriate  to 
the  particular  ambient  atmospheric  conditions  and  the  particular  flight 
condition. 

4T.111  Airplane  configuration,  speed,  power,  and  or  thrust; 

general. 

(a)  The  airplane  configuration  (setting  of  wing  and  cowl  flaps, 
air  brakes,  landing  gear,  propeller,  etc.),  denoted  respectively  as  the  take¬ 
off,  en  route,  approach,  and  landing  configurations,  shall  be  selected  by 
the  applicant  except  as  otherwise  prescribed. 

(b)  It  shall  be  acceptable  to  make  the  airplane  configurations 
variable  with  weight,  altitude,  and  temperature,  to  an  extent  found  by  the 
Administrator  to  be  compatible  with  operating  procedures  required  in 
accordance  with  paragraph  (c)  of  this  section. 

(c)  In  determining  the  accelerate-stop  distances,  take-off  flight 
paths,  take-off  distances,  and  landing  distances,  changes  in  the  airplane’s 
configuration  and  speed,  and  in  the  power  and/or  thrust  shall  be  in  ac¬ 
cordance  with  procedures  established  by  the  applicant  for  the  operation 
of  the  airplane  in  service,  except  as  otherwise  prescribed.  In  addition, 
procedures  shall  be  established  for  the  execution  of  balked  landings  and 
missed  approaches  associated  with  the  conditions  prescribed  in  sections 
4T.119  and  4T.120(d),  respectively.  All  procedures  shall  comply  with  the 
provisions  of  subparagraphs  (1)  through  (3)  of  this  paragraph. 

(1)  The  Administrator  shall  find  that  the  procedures  can  be 
consistently  executed  in  service  by  crews  of  average  skill. 

(2)  The  procedures  shall  not  involve  methods  or  the  use  of 
devices  which  have  not  been  proven  to  be  safe  and  reliable. 

(3)  Allowance  shall  be  made  for  such  time  delays  in  the  execu¬ 
tion  of  the  procedures  as  may  be  reasonably  expected  to  occur  during 
service. 

4T.112  Stalling  speeds. 

(a)  The  speed  F,  shall  denote  the  calibrated  stalling  speed,  or 
the  minimum  steady  flight  speed  at  which  the  airplane  is  controllable,  in 
knots,  with : 

(1)  Zero  thrust  at  the  stalling  speed,  or  engines  idling  and 
throttles  closed  if  it  is  shown  that  the  resultant  thrust  has  no  appreciable 
effect  on  the  stalling  speed ; 

(2)  If  applicable,  propeller  pitch  controls  in  the  positf  n 
necessary  for  compliance  with  subparagraph  (1)  of  this  paragraph;  the 
airplane  in  all  other  respects  (flaps,  landing  gear,  etc.)  in  the  particular 
configuration  corresponding  with  that  in  connection  with  which  F,  is 
being  used ; 

(3)  The  weight  of  the  airplane  equal  to  the  weight  in  connec¬ 
tion  with  which  V»  is  being  used  to  determine  compliance  with  a  particular 
requirement ; 
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(4)  The  center  of  gravity  in  the  most  unfavorable  position 
within  the  allowable  range. 

(b)  The  stall  speed  defined  in  this  section  shall  be  the  minimum 
speed  obtained  in  flight  tests  conducted  in  accordance  with  the  pro¬ 
cedure  of  subparagraphs  (1)  and  (2)  of  this  paragraph. 

(1)  With  the  airplane  trimmed  for  straight  flight  at  a  speed 
of  1.4  Vh  and  from  a  speed  sufficiently  above  the  stalling  speed  to  insure 
steady  conditions,  the  elevator  control  shall  be  applied  at  a  rate  such 
that  the  airplane  speed  reduction  does  not  exceed  one  knot  per  second. 

(2)  During  the  test  prescribed  in  subparagraph  (1)  of  this 
paragraph,  the  flight  characteristics  provisions  of  section  4b.l€0  of  Part 
4b  of  the  Civil  Air  Regulations  shall  be  complied  with. 

4T.113  Take-off ;  general. 

(a)  The  take-off  data  in  sections  4T.114  through  4T.117  shall 
be  determined  under  the  conditions  of  subparagraphs  (1)  and  (2)  of  this 
paragraph. 

(1)  At  all  weights,  altitudes,  and  ambient  temperatures 
within  the  operational  limits  established  by  the  applicant  for  the  airplane. 

(2)  In  the  configuration  for  take-off  (see  sec.  4T.111). 

(b)  Take-off  data  shall  be  based  on  a  smooth  dry.  hard-sur¬ 
faced  runway  and  shall  be  determined  in  such  a  manner  that  reproduc¬ 
tion  of  the  performance  does  not  require  exceptional  skill  or  alertness  on 
the  part  of  the  pilot.  In  the  case  of  seaplanes  cr  float  planes,  the  take¬ 
off  surface  shall  be  smooth  water,  while  for  skiplane  it  shall  be  smooth 
dry  snow.  In  addition,  the  take-off  data  shall  be  corrected  in  accordance 
with  subparagraphs  (1)  and  (2)  of  this  paragraph  for  wind  and  for  run¬ 
way  gradients  within  the  operational  limits  established  by  the  applicant 
for  the  airplane. 

(1)  Not  more  than  50  percent  of  nominal  wind  components 
along  the  take-off  path  opposite  to  the  direction  of  take-off,  and  not  less 
than  150  percent  of  nominal  wind  components  along  the  take-off  path  in 
the  direction  of  take-off. 

(2)  Effective  runway  gradients. 

4T.114  Take-off  speeds. 

(a)  The  critical-engine-failure  speed  F, ,  in  terms  of  calibrated 
air  speed,  shall  be  selected  by  the  applicant,  but  shall  not  be  less  than 
the  minimum  speed  at  which  controllability  by  primary  aerodynamic 
controls  alone  is  demonstrated  during  the  take-off  run  to  be  adequate 
to  permit  proceeding  safely  with  the  take-off  using  average  piloting  skill, 
when  the  critical  engine  is  suddenly  made  inoperative. 

(b)  The  take-off  safety  speed  Fg,  in  terms  of  calibrated  air 
speed,  shall  be  selected  by  the  applicant  so  as  to  permit  the  gradient  of 
climb  required  in  section  4T.120  (a)  and  (b),  but  it  shall  not  be  less  than: 

(1)  1.2  F,  for  two-engine  propeller-driven  airplanes  and  for 
airplanes  without  propellers  which  have  no  provisions  for  obtaining  a 
significant  reduction  in  the  one-engine-inoperative  power-on  stalling 
speed ; 

(2)  1.15  F*  for  propeller-driven  airplanes  having  more  than 
two  engines  and  for  airplanes  without  propellers  which  have  provisions 
for  obtaining  a  significant  reduction  in  the  one-engine-inoperatve  power-on 
stalling  speed ; 
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(3)  1.10  times  the  minimum  control  speed  Vue,  established  in 
accordance  with  section  4b.l33  of  Part  4b  of  the  Civil  Air  Regulations ; 

(4)  The  rotation  speed  Vh  plus  the  increment  in  speed  at¬ 
tained  in  compliance  with  section  4T.116(e). 

(c)  The  minimum  rotation  speed  Vg,  in  terms  of  calibrated  air 
speed,  shall  be  selected  by  the  applicant,  except  that  it  shall  not  be  less 
than: 

(1)  The  speed  Vi; 

(2)  A  speed  equal  to  95  percent  of  the  highest  speed  obtained 
in  compliance  with  subparagraph  (1)  or  (2),  whichever  is  applicable,  and 
with  subparagraph  (3)  of  paragraph  (b)  of  this  section; 

(3)  A  speed  which  permits  the  attainment  of  the  Speed  F.. 
prior  to  reaching  a  height  of  35  feet  above  the  take-off  surface  as  deter¬ 
mined  in  accordance  with  section  4T.116(e) ; 

(4)  A  speed  equal  to  110  percent  of  the  minimum  speed  above 
which  the  airplane,  with  all  engines  operating,  can  be  made  to  lift  off 
the  ground  and  to  continue  the  take-off  without  displaying  any  hazardous 
characteristics. 

4T.115  Acceleratestop  distance. 

(a)  The  accelerate-stop  distance  shall  be  the  sum  of  the 
following: 

(1)  The  distance  required  to  accelerate  the  airplane  from 
a  standing  start  to  the  speed  F, ; 

(2)  Assuming  the  critical  engine  to  fail  at  the  speed  F„  the 
distance  required  to  bring  the  airplane  to  a  full  stop  from  the  point  cor¬ 
responding  with  the  speed  Fj . 

(b)  In  addition  to,  or  in  lieu  of,  wheel  brakes,  the  use  of  other 
braking  means  shall  be  acceptable  in  determining  the  accelerate-stop  dis¬ 
tance,  provided  that  such  braking  means  shall  have  been  proven  to  be 
safe  and  reliable,  that  the  manner  of  their  employment  is  such  that  con¬ 
sistent  results  can  be  expected  in  service,  and  that  exceptional  skill  is 
not  required  to  control  the  airplane. 

(c)  The  landing  gear  shall  remain  extended  throughout  the 
accelerate-stop  distance. 

4T.116  Take-off  path.  The  take-off  path  shall  be  considered  to 
extend  from  the  standing  start  to  a  point  in  the  take-off  where  a  height 
of  1,500  feet  above  the  take-off  surface  is  reached  or  to  a  point  in  the 
take-off  where  the  transition  from  the  take-off  to  the  en  route  configura¬ 
tion  is  completed  and  a  speed  is  reached  at  which  compliance  with  sec¬ 
tion  4T.120(c)  is  shown,  whichever  point  is  at  a  higher  altitude.  The 
conditions  of  paragraphs  (a)  through  (i)  of  this  section  shall  apply  in 
determining  the  take-off  path. 

(a)  The  take-off  path  shall  be  based  upon  procedures  prescribed 
in  accordance  with  section  4T.lll(c). 

(b)  The  airplane  shall  be  accelerated  on  the  ground  to  the  speed 
Fi  at  which  point  the  critical  engine  shall  be  made  inoperative  and  shall 
remain  inoperative  during  the  remainder  of  the  take-off.  Subsequent 
to  attaining  speed  F„  the  airplane  shall  be  accelerated  to  speed  Fo  dur¬ 
ing  which  time  it  shall  be  permissible  to  initiate  raising  the  nose  gear  off 
the  ground  at  a  speed  not  less  than  the  rotation  speed  Vr  . 
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(c)  Landing  gear  retraction  shall  not  be  initiated  until  the  air¬ 
plane  becomes  airborne. 

(d)  The  slope  of  the  airborne  portion  of  the  take-off  path  shall 
be  positive  at  all  points. 

(e)  The  airplane  shall  attain  the  speed  V-^  prior  to  reaching  a 
height  of  35  feet  above  the  take-off  surface  and  shall  continue  at  a  speed 
as  close  as  practical  to,  but  not  less  than,  K.  until  a  height  of  400  feet 
above  the  take-off  surface  is  reached. 

(f)  Except  for  gear  retraction  and  propeller  feathering,  the 
airplane  configuration  shall  not  be  changed  before  reaching  a  height  of 
400  feet  above  the  take-off  surface. 

(g)  At  all  points  along  the  take-off  path  starting  at  the  point 
where  the  airplane  first  reaches  a  height  of  400  feet  above  the  take-off  sur¬ 
face,  the  available  gradient  of  climb  shall  not  be  less  than  1.2  percent  for 
two-engine  airplanes  and  1.7  percent  for  four-engine  airplanes. 

(h)  The  take-off  path  shall  be  determined  either  by  a  continu¬ 
ous  demonstrated  take-off,  or  alternatively,  by  synthesizing  from  segments 
the  complete  take-off  path. 

(i)  If  the  take-off  path  is  determined  by  the  segmental  method, 
the  provisions  of  subparagraphs  (1)  through  (4)  of  this  paragraph  shall 
be  specifically  applicable. 

(1) \  The  segments  of  a  segmental  take-off  path  shall  be  clearly 
defined  and  shajll  be  related  to  the  distinct  changes  in  the  configuration 
of  the  airplane,  in  power  and/or  thrust,  and  in  speed. 

(2)  The  weight  of  the  airplane,  the  configuration,  and  the 
power  and/or  thrust  shall  be  constant  throughout  each  segment  and  shall 
correspond  with  the  most  critical  condition  prevailing  in  the  particular 
segment. 

(3)  The  segmental  fiight  path  shall  be  based  on  the  airplane’s 
performance  without  ground  effect. 

(4)  Segmental  take-off  path  data  shall  be  checked  by  con¬ 
tinuous  demonstrated  take-offs  to  insure  that  the  segmental  path  is  con¬ 
servative  relative  to  the  continuous  path. 

4T.117  Take-off  diatame  and  take-off  run. 

(a)  Take-off  distance.  The  take-off  distance  shall  be  the 
greater  of  the  distances  established  in  accordance  with  subparagraphs  (1) 
and  (2)  of  this  paragraph. 

(1)  The  horizontal  distance  along  the  take-off  path  from  the 
start  of  the  take-off  to  the  point  where  the  airplane  attains  a  height  of  35 
feet  above  the  take-off  surface,  as  determined  in  accordance  with  section 
4T.116. 

(2)  A  distance  equal  to  115  percent  of  the  horizontal  distance 
along  the  take-off  path,  with  all  engines  operating,  from  the  start  of  the 
take-off  to  the  point  where  the  airplane  attains  a  height  of  35  feet  above  the 
take-off  surface,  as  determined  by  a  procedure  consistent  with  that  estab¬ 
lished  in  accordance  with  section  4T.116. 

(b)  Take-off  run.  If  the  take-off  distance  is  intended  to  include 
a  clearway  (see  item  5  of  this  regulation),  the  take-off  run  shall  be  deter¬ 
mined  and  shall  be  the  greater  of  the  distances  established  in  accordance 
with  subparagraphs  (1)  and  (2)  of  this  paragraph. 
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(1)  The  horizontal  distance  along  the  take-off  path  from  the 
start  of  the  take-off  to  a  point  equidistant  between  the  point  where  the  air¬ 
plane  first  becomes  airborne  and  the  point-  where  it  attains  a  height  of  35 
feet  above  the  take-off  surface,  as  determined  in  accordance  with  section 
4T.116. 

(2)  A  distance  equal  to  115  percent  of  the  horizontal  distance 
along  the  take-off  path,  with  all  engines  operating,  from  the  start  of  the 
take-off  to  a  point  equidistant  between  the  point  where  the  airplane 
first  becomes  airborne  and  the  point  where  it  attains  a  height  of  35  feet 
above  the  take-off  surface,  as  determined  by  a  procedure  consistent  with 
that  established  in  accordance  with  section  4T.116. 

4T.117a  Take-off  flight  path. 

(a)  The  take-off  flight  path  shall  be  considered  to  begin  at  a 
height  of  35  feet  above  the  take-off  surface  at  the  end  of  the  take-off  dis¬ 
tance  as  determined  in  accordance  with  section  4T.117(a). 

(b)  The  net  take-off  flight  path  data  shall  be  determined  in  such 
a  manner  that  they  represent  the  airplane’s  actual  take-off  flight  paths, 
determined  in  accordance  with  paragraph  (a)  of  this  section,  diminished 
by  a  gradient  of  climb  equal  to  1.0  percent. 

4T.118  Climb;  general.  Compliance  shall  be  shown  with  the 
climb  requirements  of  sections  4T.119  and  4T.120  at  all  weights,  altitudes, 
and  ambient  temperatures,  within  the  operational  limits  established  by 
the  applicant  for  the  airplane.  The  airplane’s  center  of  gravity  shall  be 
in  the  most  unfavorable  position  corresponding  with  the  applicable  con¬ 
figuration. 

4T.119  All-engine-operating  landing  climb.  In  the  landing  con¬ 
figuration  the  steady  gradient  of  climb  shall  not  be  less  than  3.2  percent, 
with: 

(a)  All  engines  operating  at  the  power  and/or  thrust  which  is 
available  8  seconds  after  initiation  of  movement  of  the  power  and/or 
thrust  controls  from  the  minimum  flight  idle  to  the  take-off  position; 

(b)  A  climb  speed  not  in  excess  of  1.3  V, . 

4T.120  One-engine-inoperative  climb. 

(a)  Take-off;  landing  gear  extended.  In  the  take-off  configu¬ 
ration  existing  at  the  point  of  the  flight  path  where  the  airplane  first  be¬ 
comes  airborne,  in  accordance  with  section  4T.116  but  without  ground 
effect,  the  steady  gradient  of  climb  shall  be  positive  for  two-engine  air¬ 
planes  and  shall  not  be  less  than  0.5  percent  for  four-engine  airplanes, 
with: 

(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  available  take-off  power  and/or  thrust  existing  in  ac¬ 
cordance  with  section  4T.116  at  the  time  retraction  of  the  airplane’s  landing 
gear  is  initiated,  unless  subsequently  a  more  critical  power  operating  con¬ 
dition  exists  along  the  flight  path  prior  to  the  point  where  the  landing  gear 
is  fully  retracted; 

(2)  The  weight  equal  to  the  airplane’s  weight  existing  in  ac¬ 
cordance  with  section  4T.116  at  the  time  retraction  of  the  airplane’s  landing 
gear  is  initiated; 
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(3)  The  speed  equal  to  the  speed  V. . 

(b)  Take-off;  landing  gear  retracted.  In  the  take-off  con¬ 
figuration  existing  at  the  point  of  the  flight  path  where  the  airplane’s 
landing  gear  is  fully  retracted,  in  accordance  with  section  4T.116  but 
without  ground  effect,  the  steady  gradient  of  climb  shall  not  be  less  than 
2.5  percent  for  two-engine  airplanes  and  not  less  than  3.0  percent  for 
four-engine  airplanes,  with ; 

(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  available  take-off  power  and/or  thrust  existing  in  accord¬ 
ance  with  section  4T.116  at  the  time  the  landing  gear  is  fully  retracted, 
unless  subsequently  a  more  critical  power  operating  condition  exists 
along  the  flight  path  prior  to  the  point  where  a  height  of  400  feet  above 
the  take-off  surface  is  reached ; 

(2)  The  weight  equal  to  the  airplane’s  weight  existing  in 
accordance  with  section  4T.116  at  the  time  the  airplane’s  landing  gear  is 
fully  retracted ; 

(3)  The  speed  equal  to  the  speed  V, . 

(c)  Final  take-off.  In  the  en  route  configuration,  the  steady 
gradient  of  climb  shall  not  be  less  than  1.2  percent  for  two-engine  air¬ 
planes  and  not  less  than  1.7  percent  for  four-engine  airplanes,  at  the  end 
of  the  take-off  path  as  determined  by  section  4T.116,  with : 

(1)  The  critical  engine  inoperative,  the  remaining  engine  (s) 
operating  at  the  available  maximum  continuous  power  and/or  thrust; 

(2)  The  weight  equal  to  the  airplane’s  weight  existing  in  ac¬ 
cordance  with  section  4T.116  at  the  end  of  the  take-off  path ; 

(3)  The  speed  equal  to  not  less  than  1.25  V, . 

(d)  Approach.  In  the  approach  configuration  such  that  the  cor¬ 
responding  V>  for  this  configuration  does  not  exceed  110  percent  of  the 
F,  corresponding  with  the  related  landing  configuration,  the  steady  gradi¬ 
ent  of  climb  shall  not  be  less  than  2.2  percent  for  two-engine  airplanes  and 
not  less  than  2.7  percent  for  four-engine  airplanes  with : 

(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  available  take-off  power  and/or  thrust ; 

(2)  The  weight  equal  to  the  maximum  landing  weight ; 

(3)  A  climb  speed  established  by  the  applicant  in  connection 
with  normal  landing  procedures,  except  that  it  shall  not  exceed  1.5  F. 
(see  sec.  4T.lll(c) ). 

4T.121  En  route  flight  paths.  With  the  airplane  in  the  en  route 
configuration,  the  flight  paths  prescribed  in  paragraphs  (a)  and  (b)  of 
this  section  shall  be  determined  at  all  weights,  altitudes,  and  ambient 
temperatures  within  the  limits  established  by  the  applicant  for  the 
airplane. 

(a)  One  engine  inoperative.  The  one-engine-inoperative  net 
flight  path  data  shall  be  determined  in  such  a  manner  that  they  represent 
the  airplane’s  actual  climb  performance  diminished  by  a  gradient  of  climb 
equal  to  1.1  percent  for  two-engine  airplanes  and  1.6  percent  for  four- 
engine  airplanes.  It  shall  be  acceptable  to  include  in  these  data  the  varia- 
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tion  of  the  airplane’s  weight  along  the  flight  path  to  take  into  account  the 
progressive  consumption  of  fuel  and  oil  by  the  operating  engine(s). 

(b)  Two  engines  inoperative.  For  airplanes  with  four  engines, 
the  two^ngine-inoperative  net  flight  path  data  shall  be  determined  in  such 
a  manner  that  they  represent  the  airplane’s  actual  climb  performance 
diminished  by  a  gradient  of  climb  equal  to  0.5  percent.  It  shall  be  accept¬ 
able  to  include  in  these  data  the  variation  of  the  airplane’s  weight  along 
the  flight  path  to  take  into  account  the  progressive  consumption  of  fuel 
and  oil  by  the  operating  engines. 

(c)  Conditions.  In  determining  the  flight  paths  prescribed  in 
paragraphs  (a)  and  (b)  of  this  section,  the  conditions  of  subparagraphs 

(1)  through  (4)  of  this  paragraph  shall  apply. 

(1)  The  airplane’s  center  of  gravity  shall  be  in  the  most 
unfavorable  position. 

(2)  The  critical  engine(s)  shall  be  inoperative,  the  remaining 
engine(s)  operating  at  the  available  maximum  continuous  power  and/or 
thrust. 

(3)  Means  for  controlling  the  engine  cooling  air  supply  shall 
be  in  the  position  which  provides  adequate  cooling  in  the  hot-day  condition. 

(4)  The  speed  shall  be  selected  by  the  applicant. 

4T.122  Landing  distance.  The  landing  distance  shall  be  the 
horizontal  distance  required  to  land  and  to  come  to  a  complete  stop  (to  a 
speed  of  approximately  3  knots  in  the  case  of  seaplanes  or  float  planes) 
from  a  point  at  a  height  of  50  feet  above  the  landing  surface.  Landing 
distances  shall  be  determined  for  standard  temperatures  at  all  weights, 
altitudes,  and  winds  within  the  operational  limits  established  by  the 
applicant  for  the  airplane.  The  conditions  of  paragraphs  (a)  through  (g) 
of  this  section  shall  apply. 

(a)  The  airplane  shall  be  in  the  landing  configuration.  During 
the  landing,  changes  in  the  airplane’s  configuration,  in  power  and/or 
thrust,  and  in  speed  shall  be  in  accordance  with  procedures  established  by 
the  applicant  for  the  operation  of  the  airplane  in  service.  The  procedures 
shall  comply  with  the  provisions  of  section  4T.lll(c). 

(b)  The  landing  shall  be  preceded  by  a  steady  gliding  approach 
down  to  the  50-foot  height  with  a  calibrated  air  speed  of  not  less  than 
1.3  V,. 

(c)  The  landing  distance  shall  be  based  on  a  smooth,  dry,  hard¬ 
surfaced  runway,  and  shall  be  determined  in  such  a  manner  that  reproduc¬ 
tion  does  not  require  exceptional  skill  or  alertness  on  the  part  of  the 
pilot.  In  the  case  of  seaplanes  or  float  planes,  the  landing  surface  shall 
be  smooth  water,  while  for  skiplanes  it  shall  be  smooth  dry  snow.  During 
landing,  the  airplane  shall  not  exhibit  excessive  vertical  acceleration,  a 
tendency  to  bounce,  nose  over,  ground  loop,  porpoise,  or  water  loop. 

(d)  The  landing  distance  shall  be  corrected  for  not  more  than 
50  percent  of  nominal  wind  components  along  the  landing  path  opposite 
to  the  direction  of  landing  and  not  less  than  150  percent  of  nominal  wind 
components  along  the  landing  path  in  the  direction  of  landing. 

(e)  During  landing,  the  operating  pressures  on  the  wheel  brak- 
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ing  system  shall  not  be  in  excess  of  those  approved  by  the  manufacturer 
of  the  brakes,  and  the  wheel  brakes  shall  not  be  used  in  such  a  manner  as 
to  produce  excessive  wear  of  brakes  and  tires. 

(f)  In  addition  to,  or  in  lieu  of,  wheel  brakes,  the  use  of  other 
braking  means  shall  be  acceptable  in  determining  the  landing  distance, 
provided  such  braking  means  shall  have  been  proven  to  be  safe  and  re¬ 
liable,  that  the  manner  of  their  employment  is  such  that  consistent  results 
can  be  expected  in  service,  and  that  exceptional  skill  is  not  required  to 
control  the  airplane. 

(g)  If  the  characteristics  of  a  device  (e.g.,  the  propellers)  de¬ 
pendent  upon  the  operation  of  any  of  the  engines  noticeably  increase  the 
landing  distance  when  the  landing  is  made  with  the  engine  inoperative, 
the  landing  distance  shall  be  determined  with  the  critical  engine  inopera¬ 
tive  unless  the  Administrator  finds  that  the  use  of  compensating  means 
will  result  in  a  landing  distance  not  greater  than  that  attained  with  all 
engines  operating. 

4T.123  Limitations  and  information. 

(a)  Limitations.  The  performance  limitations  on  the  opera¬ 
tion  of  the  airplane  shall  be  established  in  accordance  with  subparagraphs 

(1)  through  (4)  of  this  paragraph.  (See  also  sec.  4T.743.) 

(1)  Take-off  weights.  The  maximum  take-off  weights  shall  be 
established  at  which  compliance  is  shown  with  the  generally  applicable 
provisions  of  this  regulation  and  with  tho  take-off  climb  provisions  pre¬ 
scribed  in  section  4T.120  (a),  (b),  and  (c)  for  altitudes  and  ambient  tem¬ 
peratures  within  the  operational  limits  of  the  airplane  (see  subparagraph 
(4)  of  this  paragraph). 

(2)  Landing  weights.  The  maximum  landing  weights  shall 
be  established  at  which  compliance  is  shown  with  the  generally  applicable 
provisions  of  this  regulation  and  with  the  landing  and  take-off  climb  pro¬ 
visions  prescribed  in  sections  4T.119  and  4T.120  for  altitudes  and  ambient 
temperatures  within  the  operational  limits  of  the  airplane  (see  subpara¬ 
graph  (4)  of  this  paragraph). 

(3)  Accelerate-stop  distance,  take-off  distance,  and  take-off 
run.  The  minimum  distances  required  for  take-off  shall  be  established  at 
which  compliance  is  shown  with  the  generally  applicable  provisions  of  this 
regulation  and  with  sections  4T.115  and  4T.117(a),  and  with  4T.117(b)  if 
the  take-off  distance  is  intended  to  include  a  clearway,  for  weights,  alti¬ 
tudes,  temperatures,  wind  components,  and  runway  gradients,  within  the 
operational  limits  of  the  airplane  (see  subparagraph  (4)  of  this  para¬ 
graph). 

(4)  Operational  limits.  The  operational  limits  of  the  airplane 
shall  be  established  by  the  applicant  for  all  variable  factors  required  in 
showing  compliance  with  this  regulation  (weight,  altitude,  temperature, 
etc.).  (See  secs.  4T.113  (a)(1)  and  (b),  4T.118,  4T.121,  and  4T.122.) 

(b)  Information.  The  performance  information  on  the  opera¬ 
tion  of  the  airplane  shall  be  scheduled  in  compliance  with  the  generally  ap¬ 
plicable  provisions  of  this  regulation  and  with  sections  4T.117a(b),  4T.121, 
and  4T.122  for  weights,  altitudes,  temperatures,  wind  components,  and 
runway  gradients,  as  these  may  be  applicable,  within  the  operational  limits 
of  the  airplane  (see  subparagraph  (a)(4)  of  this  section).  In  addition,  the 
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performance  information  specified  in  subparagraphs  (1)  through  (.‘i)  of 
this  paragraph  shall  be  determined  by  extrapolation  and  scheduled  for  the 
ranges  of  weights  between  the  maximum  landing  and  maximum  take-off 
weights  established  in  accordance  with  subparagraphs  (a)(1)  and  (a)(2) 
of  this  section.  (See  also  sec.  4T.74.‘J.) 

(1)  Climb  in  the  landing  configuration  (seesec.4T.119) ; 

(2)  Climb  in  the  approach  configuration  (see  sec.  4T.120(d)) ; 

(.3)  Landing  distance  (see  sec.  4T.122). 

AIRPLANE  FLIGHT  MANUAL 

4T.743  Performance  limitations,  information,  and  other  data. 

(a)  Limitations.  The  airplane’s  performance  limitations  shall 
be  given  in  accordance  with  section  4T.123(a). 

(b)  Information.  The  performance  information  prescribed  in 
section  4T.123(b)  for  the  application  of  the  operating  rules  of  this  regu¬ 
lation  shall  be  given  together  with  descriptions  of  the  conditions,  air 
speeds,  etc.,  under  which  the  data  were  determined. 

(c)  Procedures.  Procedures  established  in  accordance  with 
section  4T.lll(c)  shall  be  given  to  the  extent  such  procedures  are  related 
to  the  limitations  and  information  set  forth  in  accordance  with  para¬ 
graphs  (a)  and  (b)  of  this  section.  Such  procedures,  in  the  form  of 
guidance  material,  shall  be  included  with  the  relevant  limitations  or  in¬ 
formation,  as  applicable. 

(d)  Miscellaneous.  An  explanation  shall  be  given  of  significant 
or  unusual  flight  or  ground  handling  characteristics  of  the  airplane. 

.3.  In  lieu  of  sections  40.70  through  40.78,  41.27  through  41.36(d),  and 
42.70  through  42.83,  of  Parts  40,  41,  and  42  of  the  Civil  Air  Regulations, 
respectively,  the  following  shall  be  applicable: 

OPERATING  RULES 

40T.80  Transport  category  airplane  operating  limitations. 

(a)  In  operating  any  passenger-carrying  transport  category  air¬ 
plane  certificated  in  accordance  with  the  performance  requirements  of 
this  regulation,  the  provisions  of  sections  40T.80  through  40T.84  shall 
be  complied  with,  unless  deviations  therefrom  are  specifically  authorized 
by  the  Administrator  on  the  ground  that  the  special  circumstances  of  a 
particular  case  make  a  literal  observance  of  the  requirements  unneces¬ 
sary  for  safety. 

(b)  The  performance  data  in  the  Airplane  Flight  Manual  shall 
be  applied  in  determining  compliance  with  the  provisions  of  sections  40T.81 
through  40T.84.  Where  conditions  differ  from  those  for  which  specific 
tests  were  made,  compliance  shall  be  determined  by  approved  interpola¬ 
tion  or  computation  of  the  effects  of  changes  in  the  specific  variables 
if  such  interpolations  or  computations  give  results  substantially  equalling 
in  accuracy  the  results  of  a  direct  test. 

40T.81  Airplane’s  certificate  limitations. 

(a)  No  airplane  shall  be  taken  off  at  a  weight  which  exceeds 
the  take-off  weight  specified  in  the  Airplane  Flight  Manual  for  the  ele¬ 
vation  of  the  airport  and  for  the  ambient  temperature  existing  at  the 
time  of  the  take-off.  (See  secs.  4T.123(a)(l)  and  4T.743(a).) 
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(b)  No  airplane  shall  be  taken  oiT  at  a  weight  such  that,  al¬ 
lowing  for  normal  consumption  of  fuel  and  oil  in  flight  to  the  airport 
of  destination  and  to  the  alternate  airports,  the  weight  on  arrival  will 
exceed  the  landing  weight  specified  in  the  Airplane  Flight  Manual  for 
the  elevation  of  each  of  the  airports  involved  and  for  the  ambient  tem¬ 
peratures  anticipated  at  the  time  of  landing.  (See  secs.  4T.12:i(a)(2) 
and  4T.743(a). 

(c)  No  airplane  shall  be  taken  off  at  a  weight  which  exceeds 
the  weight  shown  in  the  Airplane  Flight  Manual  to  correspond  with  the 
minimum  distances  required  for  take-off.  These  distances  shall  corre¬ 
spond  with  the  elevation  of  the  airport,  the  runway  to  be  used,  the  effec¬ 
tive  runway  gradient,  and  the  ambient  temperature  and  wind  component 
existing  at  the  time  of  take-off.  (See  secs.  4T.123(a)(.‘l)  and  4T.74.3(a).)  If 
the  take-off  distance  includes  a  clearway  as  defined  in  Item  5  of  this 
regulation,  the  take-off  distance  shall  not  include  a  clearway  distance 
greater  than  one-half  of  the  take-off  run. 

(d)  No  airplane  shall  be  operated  outside  the  operational  limits 
specified  in  the  Airplane  Flight  Manual.  (See  secs.  4T.123(a)(4)  and 
42.743(a).) 

40T.82  Take-off  obstacle  clearance  limitations.  No  airplane  shall 
be  taken  off  at  a  weight  in  excess  of  that  shown  in  the  Airplane  Flight 
Manual  to  correspond  with  a  net  take-off  flight  path  which  clears  all 
obstacles  either  by  at  least  a  height  of  35  feet  vertically  or  by  at  least 
200  feet  horizontally  within  the  airport  boundaries  and  by  at  least  300 
feet  horizontally  after  passing  beyond  the  boundaries.  In  determining  the 
allowable  deviation  of  the  flight  path  in  order  to  avoid  obstacles  by  at 
least  the  distances  prescribed,  it  shall  be  assumed  that  the  airplane  is 
not  banked  before  reaching  a  height  of  50  feet  as  shown  by  the  take-off 
path  data  in  the  Airplane  Flight  Manual,  and  that  a  maximum  bank  there¬ 
after  does  not  exceed  15  degrees.  The  take-off  path  considered  shall  be 
for  the  elevation  of  the  airport,  the  effective  runway  gradient,  and  for 
the  ambient  temperature  and  wind  component  existing  at  the  time  of  take¬ 
off.  (See  secs.  4T.123(b)  and  4T.743(b).) 

40T.83  En  route  limitations. 

(a)  One  engine  inoperative.  No  airplane  shall  be  taken  off  at 
a  weight  in  excess  of  that  which,  according  to  the  one-engine-inoperative 
en  route  net  flight  path  data  shown  in  the  Airplane  Flight  Manual,  will 
permit  compliance  with  either  subparagraph  (1)  or  subparagraph  (2)  of 
this  paragraph  at  all  points  along  the  route.  The  net  flight  path  used 
shall  be  for  the  ambient  temperatures  anticipated  along  the  route.  (See 
secs.  4T.123(b)  and  4T.743(b).) 

(1)  The  slope  of  the  net  flight  path  shall  be  positive  at  an 
altitude  of  at  least  1,000  feet  above  all  terrain  and  obstructions  along 
the  route  within  5  miles  on  either  side  of  the  intended  track. 

(2)  The  net  flight  path  shall  be  such  as  to  permit  the  air¬ 
plane  to  continue  flight  from  the  cruising  altitude  to  an  alternate  airport 
where  a  landing  can  be  made  in  accordance  with  the  provisions  of  section 
40T.84(b),  the  net  flight  path  clearing  vertically  by  at  least  2,000  feet 
all  terrain  and  obstructions  along  the  route  within  5  miles  on  either 
side  of  the  intended  track.  The  provisions  ot  subdivisions  (i)  through 
(vii)  of  this  subparagraph  shall  apply. 
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(i)  The  engine  shall  be  assumed  to  fail  at  the  most  critical 
point  along  the  route. 

(ii)  The  airplane  shall  be  assumed  to  pass  over  the  criti* 
cal  obstruction  following  engine  failure  at  a  point  no  closer  to  the  criti¬ 
cal  obstruction  than  the  nearest  approved  radio  navigational  fix,  except 
that  the  Administrator  may  authorize  a  procedure  established  on  a  dif¬ 
ferent  basis  where  adequate  operational  safeguards  are  found  to  exist. 

(iii)  The  net  flight  path  shall  have  a  positive  slope  at  l,i)00 
feet  above  the  airport  used  as  the  alternate. 

(iv)  An  approved  method  shall  be  used  to  account  for  winds 
which  would  otherwise  adversely  affect  the  flight  path. 

(v)  Fuel  jettisoning  shall  be  permitted  if  the  Administrator 
finds  that  the  operator  has  an  adequate  training  program,  proper  in¬ 
structions  are  given  to  the  flight  crew,  and  all  other  precautions  are  taken 
to  insure  a  safe  procedure. 

(vi)  The  alternate  airport  shall  be  specified  in  the  dispatch 
release  and  shall  meet  the  prescribed  weather  minima. 

(vii)  The  consumption  of  fuel  and  oil  after  the  engine  be¬ 
comes  inoperative  shall  be  that  which  is  accounted  for  in  the  net  flight 
path  data  shown  in  the  Airplane  Flight  Manual. 

(b)  Ttvo  engines  inoperative.  No  airplane  shall  be  flown  along 
an  intended  route  except  in  compliance  with  either  subparagraph  (1)  or 
subparagraph  (2)  of  this  paragraph. 

(1)  No  place  along  the  intended  track  shall  be  more  than 
90  minutes  away  from  an  airport  at  which  a  landing  can  be  made  in 
accordance  with  the  provisions  of  section  40T.84(b),  assuming  all  engines 
to  be  operating  at  cruising  power. 

(2)  No  airplane  shall  be  taken  off  at  a  weight  in  excess  of 
that  which,  according  to  the  two-engine-inoperative  en  route  net  flight 
path  data  shown  in  the  Airplane  Flight  Manual,  will  permit  the  airplane 
to  continue  flight  from  the  point  where  two  engines  are  assumed  to  fail 
simultaneously  to  an  airport  where  a  landing  can  be  made  in  accordance 
with  the  provisions  of  section  40T.84(b),  the  net  flight  path  having  a 
positive  slope  at  an  altitude  of  at  least  1,000  feet  above  all  terrain  and 
obstructions  along  the  route  within  5  miles  on  either  side  of  the  intended 
track  or  at  an  altitude  of  2,000  feet,  whichever  is  higher.  The  net  flight 
path  considered  shall  be  for  the  ambient  temperatures  anticipated  along 
the  route.  The  provisions  of  subdivisions  (i)  through  (iii)  of  this  sub- 
paragraph  shall  apply.  (See  secs.  4T.123fb)  and  4T.743(b).) 

(i)  The  two  engines  shall  be  assumed  to  fail  at  the  most 
critical  point  along  the  route. 

(ii)  The  airplane’s  weight  at  the  point  where  the  two  engines 
are  assumed  to  fail  shall  be  considered  to  be  not  less  than  that  which  would 
include  sufficient  fuel  to  proceed  to  the  airport  and  to  arrive  there  at  an 
altitude  of  at  least  1,500  feet  directly  over  the  landing  area  and  thereafter 
to  fly  for  15  minutes  at  cruise  power  and/or  thrust. 

(iii)  The  consumption  of  fuel  and  oil  after  the  engines  be¬ 
come  inoperative  shall  be  that  which  is  accounted  for  in  the  net  flight  path 
data  shown  in  the  Airplane  Flight  Manual. 

40T.84  Landing  limitations. 
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(a)  Airport  of  destination.  No  airplane  shall  be  taken  off  at  a 
weight  in  excess  of  that  which,  in  accordance  with  the  landing  distances 
shown  in  the  Airplane  Flight  Manual  for  the  elevation  of  the  airport  of 
intended  destination  and  for  the  wind  conditions  anticipated  there  at  the 
time  of  landing,  would  permit  the  airplane  to  be  brought  to  rest  at  the  air¬ 
port  of  intended  destination  within  60  percent  of  the  effective  length  of  the 
runway  from  a  point  50  feet  directly  above  the  intersection  of  the  obstruc¬ 
tion  clearance  plane  and  the  runway.  The  weight  of  the  airplane  shall  be 
assumed  to  be  reduced  by  the  weight  of  the  fuel  and  oil  expected  to  be  con¬ 
sumed  in  flight  to  the  airport  of  intended  destination.  Compliance  shall 
be  shown  with  the  conditions  of  subparagraphs  (1)  and  (2)  of  this  para¬ 
graph.  (See  secs.  4T.123(b)  and  4T.743(b).) 

(1)  It  shall  be  assumed  that  the  airplane  is  landed  on  the  most 
favorable  runway  and  direction  in  still  air. 

(2)  It  shall  be  assumed  that  the  airplane  is  landed  on  the  most 
suitable  runway  considering  the  probable  wind  velocity  and  direction  and 
taking  due  account  of  the  ground  handling  characteristics  of  the  airplane 
and  of  other  conditions  (i.e.,  landing  aids,  terrain,  etc.).  If  full  compliance 
with  the  provisions  of  this  subparagraph  is  not  shown,  the  airplane  may  be 
taken  off  if  an  alternate  airport  is  designated  which  permits  compliance 
with  paragraph  (b)  of  this  section. 

(b)  Alternate  airport.  No  airport  shall  be  designated  as  an  al¬ 
ternate  airport  in  a  dispatch  release  unless  the  airplane  at  the  weight 
anticipated  at  the  time  of  arrival  at  such  airport  can  comply  with  the 
provisions  of  paragraph  (a)  of  this  section,  provided  that  the  airplane 
can  be  brought  to  rest  within  70  percent  of  the  effective  length  of  the 
runway. 

4.  In  lieu  of  section  43.11  of  Part  43  of  the  Civil  Air  Regulations,  the 
following  shall  be  applicable : 

43T.11  Transport  category  airplane  weight  limitations.  The  per¬ 
formance  data  in  the  Airplane  Flight  Manual  shall  be  applied  in  determin¬ 
ing  compliance  with  the  following  provisions : 

(a)  No  airplane  shall  be  taken  off  at  a  weight  which  exceeds  the 
take-off  weight  specified  in  the  Airplane  Flight  Manual  for  the  elevation 
of  the  airport  and  for  the  ambient  temperature  existing  at  the  time  of  the 
take-off.  (See  secs.  4T.123(a)(l)  and  4T.743(a).) 

(b)  No  airplane  shall  be  taken  off  at  a  weight  such  that,  allow¬ 
ing  for  normal  consumption  of  fuel  and  oil  in  flight  to  the  airport  of  des¬ 
tination  and  to  the  alternate  airports,  the  weight  on  arrival  will  exceed  the 
landing  weight  specified  in  the  Airplane  Flight  Manual  for  the  elevation 
of  each  of  the  airports  involved  and  for  the  ambient  temperatures  antici¬ 
pated  at  the  time  of  landing.  (See  secs.  4T.123(a)(2)  and  4T.743(a).) 

(c)  No  airplane  shall  be  taken  off  at  a  weight  which  exceeds  the 
weight  shown  in  the  Airplane  Flight  Manual  to  correspond  with  the  mini¬ 
mum  distances  required  for  take-off.  These  distances  shall  correspond 
with  the  elevation  of  the  airport,  the  runway  to  be  used,  the  effective  run¬ 
way  gradient,  and  the  ambient  temperature  and  wind  component  existing 
at  the  time  of  take-off.  (See  secs.  4T.123(a)(3)  and  4T.743(a).)  If  the 
take-off  distance  includes  a  clearway  as  defined  in  Item  5  of  this  regu¬ 
lation,  the  take-off  distance  shall  not  include  a  clearway  distance  greater 
than  one-half  of  the  take-off  run. 
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(d)  No  airplane  shall  be  operated  outside  the  operational  limits 
specified  in  the  Airplane  Flight  Manual.  (See  secs.  4T.123(a)(4)  and 
4T.743(a).) 

5.  The  following  definitions  shall  apply : 

Clearway.  A  clearway  is  an  area  beyond  the  airport  runway  not  less 
than  300  feet  on  either  side  of  the  extended  center  line  of  the  runway,  at 
an  elevation  no  higher  than  the  elevation  at  the  end  of  the  runway,  clear  of 
all  fixed  obstacles,  and  under  the  control  of  the  airport  authorities. 
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SPECIAL  CIVIL  AIR  REGULATION  NO.  SR-422B 

Effective:  July  9,  1959 
Issue-'; ;  July  9,  1959 

Turbine-Powered  Transport  Category  Airplane  of  Current  Design 

Special  Civil  Air  Regulation  No.  SR-422,  effective  August  27,  1957, 
prescribes  requirements  applicable  to  the  type  certification  and  operation 
of  turbine-powered  transport  category  airplanes  for  which  a  type  cer¬ 
tificate  is  issued  after  August  27,  1957.  Special  Civil  Air  Regulation  No. 
SR-422A,  effective  July  2,  1958,  included  substantive  changes  to  SR— 122 
and  was  made  applicable  to  all  turbine-powered  transport  category  air¬ 
planes  for  which  a  type  certificate  is  issued  after  September  20,  1958. 

This  Special  Civil  Air  Regulation  makes  further  changes  to  the  air¬ 
worthiness  rules  for  turbine-powered  transport  category  airplanes  to  be 
applicable  to  all  such  airplanes  for  which  a  type  certificate  is  issued  after 
August  29,  1959.  These  changes  were  proposed  in  Draft  Release  No.  58- 
IC  (24  F.R.  128)  by  the  Civil  Aeronautics  Board  in  connection  with  the 
1958  Annual  Airworthiness  Review.  The  amendments  herein  have  been 
adopted  after  careful  consideration  of  all  the  discussion  and  comment 
received  thereon. 

Substantive  and  minor  changes  have  been  made  to  the  provisions  of 
SR-422A.  For  ease  in  identification  they  are  listed  as  follows: 

(a)  Substantive  changes:  introductory  paragraphs;  4T.114  (b), 

(c) ,  (d),  (e),  and  (f);  4T.115(d);  4T.117a(b);  4T.120  (a)(3),  (b),  and 

(d)  ;  40T.81(c) ;  43T.ll(c) ;  and  item  5  (a)  and  (b). 

(b)  Minor  changes;  item  2;  4T.112  (title),  (b)(1),  (c),  (d),  and 

(e) ;  4T.113(b);  4T,116(i)(4) ;  4T.117(b)  (1)  and  (2);  4T.120(a);  4T.121; 
4T.122(d) ;  4T.123(a) ;  40T.82;  and  40T.83. 

Pertinent  background  information  to  this  regulation  is  contained  in 
the  preambles  to  SR-422  and  SR-422A.  Following  is  a  discussion  of  im¬ 
portant  issues  relevant  to  the  changed  provisions  contained  herein. 

One  of  the  most  important  changes  being  introduced  concerns  the 
rotation  speed  V k  of  the  airplane  during  takeoff  (4T.114).  Experience 
gained  in  the  certification  of  airplanes  under  the  provisions  of  SR-422 
and  SR-422A  indicates  that  relating  Va  to  the  stall  speed  is  not  essential 
and  might  unduly  penalize  airplanes  with  superior  flying  qualities.  It 
has  been  found  that  the  primary  limitations  on  Vu  should  be  in  terms  of  a 
margin  between  the  actual  lift-off  speeds  and  the  minimum  unstick 
speed  Vsiv  at  which  the  airplane  can  proceed  safely  with  the  takeoff.  The 
provisions  contained  herein  require  that  V u  speeds  be  established  to  be 
applicable  to  takeoffs  with  one  engine  inoperative  as  well  as  with  all 
engines  operating.  The  Vm;  speeds  can  be  established  from  free  air  data 
provided  that  the  data  are  verified  by  ground  takeoff  tests.  Certain  safe¬ 
guards  are  included  in  conjunction  with  the  establishment  of  V k  speeds 
to  ensure  that  takeoffs  in  service  can  be  made  with  consistent  safety. 
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A  change  is  being  introduced  to  the  provision  in  4T.117a(b)  concerning 
the  manner  in  which  the  net  takeoff  flight  path  is  obtained.  In  accordance 
with  this  provision  as  contained  in  SR-422A,  the  net  takeoff  flight  path 
would  have  a  negative  slope  throughout  the  acceleration  segment.  Since 
this  segment  usually  represents  level  flight  easily  controlled  by  reference 
to  the  normal  flight  instruments,  a  significant  reduction  in  the  flight  path’s 
gradient  would  not  be  expected.  For  these  reasons,  the  provision  is  being 
changed  to  permit  an  equivalent  reduction  in  acceleration  in  lieu  of  a 
reduction  in  gradient. 

Section  4T.117a(b)  is  being  amended  additionally  by  changing  the 
value  of  gradient  margin  in  the  net  flight  path  for  two-engine  airplanes 
from  1.0  percent  to  0.8  percent.  The  value  for  four-engine  airplanes  re¬ 
mains  1.0  percent.  Diflferentiation  in  gradient  values  in  the  net  flight 
path  between  two  and  four-engine  airplanes  is  consistent  with  the  differen¬ 
tiation  in  the  climb  gradients  for  the  takeoff,  enroute,  and  approach  stages 
of  flight.  Statistical  analysis  substantiates  the  specific  reduction  of  the 
net  flight  path  gradient  to  a  value  of  0.8  percent.  Correlatively,  a  re- 
evaluation  of  the  climb  gradients  for  twin-engine  airplanes  in  the  second 
segment  takeoff  and  in  the  approach  climb  indicates  that  the  respective 
values  should  be  2.4  percent  and  2.1  percent  and  these  changes  are  being 
made  in  4T.120  (b)  and  (d). 

A  change  is  introduced  in  the  conditions  prescribed  for  meeting  the 
climb  gradient  in  the  first  segment  takeoff  climb  (4T.120(a)),  by  changing 
the  speed  to  the  speed  VjMy.  The  intent  of  this  requirement  is  to  use  the 
speed  at  which  the  airplane  lifts  off  the  ground.  In  SR-422  this  speed  was 
considered  to  be  V^;  however,  in  SR-422A  and  in  this  regulation  the  speed 
Fj  is  a  higher  speed  which  is  reached  at  the  end  of  the  takeoff  distance  and 
no  longer  reflects  the  conditions  pertinent  to  the  first  segment  climb.  In 
making  this  change  consistent  with  relevant  changes  in  SR-422A  and  in 
this  regulation,  no  consideration  has  been  given  to  the  appropriateness  of 
the  minimum  climb  gradient  values  prescribed  for  the  first  segment  climb. 
These  are  subject  to  alteration  if  results  of  further  studies  so  indicate. 

There  is  being  introduced  in  this  regulation  the  concept  of  "stopways,” 
the  definition  of  which  is  contained  in  item  5(b).  Stopways  have  been  used 
outside  the  United  States  in  meeting  the  accelerate-stop  distances  in  case 
of  aborted  takeoffs.  They  are  considered  to  result  in  more  practical  op¬ 
erations.  In  order  to  ensure  that  they  can  be  used  without  detrimental 
effects  on  safety,  a  provision  is  being  included  in  4T.115(d)  requiring  taking 
into  account  the  surface  characteristics  of  the  stopways  to  be  used  in 
scheduling  the  accelerate-stop  distances  in  the  Airplane  Flight  Manual. 

In  conjunction  wi'i;.h  the  introduction  of  stopways,  there  are  changes 
being  made  in  the  definition  of  a  ‘^clearway”  (item  5(a)).  One  of  the 
changes  is  to  specify  that  a  clearway  begins  at  the  end  of  the  runway 
whether  or  not  a  stopway  is  being  used.  Of  the  other  changes,  the  most 
significant  one  expresses  the  clearway  in  terms  of  a  clearway  plane  and 
permits  this  plane  to  have  an  upward  slope  of  1.25  percent.  In  effect,  this 
change  will  allow,  in  some  cases,  use  of  clearways  which  would  not  be  al¬ 
lowed  under  the  definition  in  SR-422A  because  of  relatively  small  obstacles 
or  slightly  sloping  terrain.  (See  also  40T.81(c)  and  43T.ll(c).) 

There  are  also  included  in  this  regulation  a  number  of  minor,  editorial, 
or  clarifying  changes. 
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Draft  Release  No.  58-lC  included  a  proposal  for  expanding  lateral  ob¬ 
stacle  clearances  in  the  takeoff  flight  path.  Studies  indicate  that  some  ex¬ 
panding  lateral  clearances  are  necessary  for  safety  in  operations  with  all 
turbine-powered  airplanes.  It  appears,  therefore,  that  an  appropriate 
rule  should  be  made  applicable  not  only  to  airplanes  certificated  in  accord¬ 
ance  with  this  regulation,  but  also  to  those  certificated  in  accordance  with 
SR-422  and  SR-422A.  Accordingly,  no  change  is  being  made  in  this  regu¬ 
lation  to  the  lateral  obstacle  clearance  provisions,  instead,  a  Notice  of 
Proposed  Rule  Making  is  now  being  prepared  to  amend  SR-422,  SR-422A, 
and  this  regulation,  to  require  expanding  lateral  obstacle  clearances  for 
all  airplanes  certificated  thereunder. 

This  Special  Civil  Air  Regulation  is  not  intended  to  compromise  the 
authority  of  the  Administrator  under  section  4b.l0  to  impose  such  special 
conditions  as  are  found  necessary  in  any  particular  case  to  avoid  unsafe 
design  features  and  otherwise  to  ensure  equivalent  safety. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in 
the  making  of  this  regulation  (24  F.R.  128),  and  due  consideration  has  been 
given  to  all  relevant  matter  presented. 

This  regulation  does  not  require  compliance  until  after  August  29, 
1959;  however,  since  applicants  for  a  type  certificate  for  turbine-powered 
transport  category  airplanes  may  elect  to  show  compliance  with  this  regu¬ 
lation  before  that  date,  it  is  being  made  effective  immediately. 

In  consideration  of  the  foregoing,  the  following  Special  Civil  Air  Reg¬ 
ulation  is  hereby  promulgated  to  become  effective  immediately : 

Contrary  provisions  of  the  Civil  Air  Regulations  notwithstanding,  all 
turbine-powered  transport  category  airplanes  for  which  a  type  certificate 
is  issued  after  August  29,  1959,  shall  comply  with  the  following  require¬ 
ments.  Applicants  for  a  type  certificate  for  a  turbine-powered  transport 
category  airplane  may  elect  and  are  authorized  to  meet  the  requirements 
of  this  Special  Civil  Air  Regulation  prior  to  August  29, 1959,  in  which  case 
however,  all  of  the  following  provisions  must  be  complied  with. 

1.  The  provisions  of  Part  4b  of  the  Civil  Air  Regulations,  effective 
on  the  date  of  application  for  type  certificate;  and  such  of  the  provisions 
of  all  subsequent  amendments  to  Part  4b,  in  effect  prior  to  August  27, 
1957,  as  the  Administator  finds  necessary  to  ensure  that  the  level  of  safety 
of  turbine-powered  airplanes  is  equivalent  to  that  generally  intended  by 
Part  4b. 

2.  In  lieu  of  sections  4b.  110  through  4b.l25, 4b.l83,  and  4b.743  of  Part 
4b  of  the  Civil  Air  Regulations,  the  following  shall  be  applicable: 

PERFORMANCE 

4T.110  General. 

(a)  The  performance  of  the  airplane  shall  be  determined  and 
scheduled  in  accord,  ince  with,  and  shall  meet  the  minima  prescribed  by,  the 
provision  of  sections  4T.110  through  4T.123.  The  performance  limitations, 
information,  and  other  data  shall  be  given  in  accordance  with  section 
4T.743. 

(b)  Unless  otherwise  specifically  prescribed,  the  performance 
shall  correspond  with  ambient  atmospheric  conditions  and  still  air. 
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Humidity  shall  be  accounted  for  as  specified  in  paragraph  (c)  of  this 
section. 

(c)  The  performance  as  affected  by  engine  power  and  or  thrust 
shall  be  based  on  a  relative  humidity  of  80  percent  at  and  below  standard 
temperatures  and  on  .34  percent  at  and  above  standard  temperatures  plus 
50°  F.  Between  these  two  temperatures  the  relative  humidity  shall  vary 
linearly. 

(d)  The  performance  shall  correspond  with  the  propulsive 
thrust  available  under  the  particular  ambient  atmospheric  conditions, 
the  particular  flight  condition,  and  the  relative  humidity  specified  in  para¬ 
graph  (c)  of  this  section.  The  available  propulsive  thrust  shall  cor¬ 
respond  with  engine  power  and/or  thrust  not  exceeding  the  approved 
power  and/or  thrust  less  the  installational  losses  and  less  the  power 
and/or  equivalent  thrust  absorbed  by  the  accessories  and  services  appro¬ 
priate  to  the  particular  ambient  atmospheric  conditions  and  the  particular 
flight  condition. 

4T.111  Airplane  configuration,  speed,  power,  and/or  thrust; 
general. 

(a)  The  airplane  configuration  (setting  of  wing  and  cowl  flaps, 
air  brakes,  landing  gear,  propeller,  etc.),  denoted  respectively  as  the  take¬ 
off,  en  route,  approach,  and  landing  configurations,  shall  be  selected  by 
the  applicant  except  as  otherwise  prescribed. 

(b)  It  shall  be  acceptable  to  make  the  airplane  configurations 
variable  with  weight,  altitude,  and  temperature,  to  an  extent  found  by  the 
Administrator  to  be  compatible  with  operating  procedures  required  in 
accordance  with  paragraph  (c)  of  this  section. 

(c)  In  determining  the  accelerate-stop  distances,  takeoff  flight 
paths,  takeoff  distances,  and  landing  distances,  changes  in  the  airplane’s 
configuration  and  speed,  and  in  the  power  and  /thrust  shall  be  in  accord¬ 
ance  with  procedures  established  by  the  applicant  for  the  operation  of 
the  airplane  in  service,  except  as  otherwise  prescribed.  In  addition,  pro¬ 
cedures  shall  be  established  for  the  execution  of  balked  landings  and 
missed  approaches  associated  with  the  conditions  prescribed  in  sections 
4T.119  and  4T.120(d),  respectively.  All  procedures  shall  comply  with  the 
provisions  of  subparagraphs  (1)  through  (3)  of  this  paragraph. 

(1)  The  Administrator  shall  find  that  the  procedures  can  be 
consistently  executed  in  service  by  crews  of  average  skill. 

(2)  The  procedures  shall  not  involve  methods  or  the  use  of 
devices  which  have  not  been  proven  to  be  safe  and  reliable. 

(3)  Allowance  shall  be  made  for  such  time  delays  in  the 
execution  of  the  procedures  as  may  be  reasonably  expected  to  occur  during 
service. 

4T.il2  Stalling  and  minimum  control  speeds. 

(a)  The  speed  V,  shall  denote  the  calibrated  stilling  speed,  or 
the  minimum  steady  flight  speed  at  which  the  airplane  is  controllable,  in 
knots,  with : 

(1)  Zero  thrust  at  the  stalling  speed,  or  engines  idling  and 
throttles  closed  if  it  is  shown  that  the  resultant  thrust  has  no  appreciable 
effect  on  the  stalling  speed ; 

(2)  If  applicable,  propeller  pitch  controls  in  the  position 
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necessary  for  compliance  with  subparagraph  (1)  of  this  paragraph;  the 
airplane  in  ail  other  respects  (flaps,  landing  gear,  etc.)  in  the  particu¬ 
lar  configuration  corresponding  with  that  in  connection  with  which  V> 
is  being  used; 

(3)  The  weight  of  the  airplane  equal  to  the  weight  in  connec¬ 
tion  with  which  is  being  used  to  determine  compliance  with  a  particular 
requirement ; 

(4)  The  center  of  gravity  in  the  most  unfavorable  position 
within  the  the  allowable  range. 

(b)  The  stall  speed  defined  in  this  section  shall  be  the  mini¬ 
mum  speed  obtained  in  flight  tests  conducted  in  accordance  with  the 
procedure  of  subparagraphs  (1)  and  (2)  of  this  paragraph. 

(1)  With  the  airplane  trimmed  for  straight  flight  at  a  speed 
chosen  by  the  applicant,  but  not  less  than  1.2  F,  nor  greater  than  1.4 
F«,  and  from  a  speed  sufficiently  above  the  stalling  speed  to  ensure 
steady  conditions,  the  elevator  control  shall  be  applied  at  a  rate  such 
that  the  airplane  speed  reduction  does  not  exceed  1  knot  per  second. 

(2)  During  the  test  prescribed  in  subparagraph  (1)  of  this 
paragraph,  the  flight  characteristics  provisions  of  section  4b.l60  of  Part 
4b  of  the  Civil  Air  Regulations  shall  be  complied  with. 

(c)  The  minimum  control  speed  Vuv,  in  terms  of  calibrated 
air  speeed,  shall  be  determined  under  the  conditions  specified  in  this  para¬ 
graph  so  that,  when  the  critical  engine  is  suddenly  made  inoperative  at 
that  speed,  it  is  possible  to  recover  control  of  the  airplane  with  the  engine 
still  inoperative  and  to  maintain  it  in  straight  flight  at  that  speed,  sr 
with  zero  yaw  or,  at  the  option  of  the  applicant,  with  an  angle  of  bank  not 
in  excess  of  5  degrees.  F^c  shall  not  exceed  1.2  F«  with : 

(1)  Engines  operating  at  the  maximum  available  takeoff 
thrust  and/or  power ; 

(2)  Maximum  sea  level  takeoff  weight  or  such  lesser  weight  as 
might  be  necessary  to  demonstrate  F^t-. 

(3)  The  airplane  in  the  most  critical  takeoff  configuration 
existing  along  the  flight  path  after  the  airplane  becomes  airborne,  except 
that  the  landing  gear  is  retracted ; 

(4)  The  airplane  trimmed  for  takeoff ; 

(5)  The  airplane  airborne  and  the  ground  effect  negligible; 

(6)  The  center  of  gravity  in  the  most  unfavorable  position ; 

(d)  In  demonstrating  the  minimum  speed  specified  in  paragraph 
(c)  of  this  section,  the  rudder  force  required  to  maintain  control  shall  not 
exceed  180  pounds  and  it  shall  not  be  necessary  to  reduce  the  power  and/or 
thrust  of  the  operative  engine(s). 

(e)  During  recovery  from  the  maneuver  specified  in  paragraph 
(c)  of  this  section,  the  airplane  shall  not  assume  any  dangerous  attitude, 
nor  shall  it  require  exceptional  skill,  strength,  or  alertness  on  the  part  of 
the  pilot  to  prevent  a  change  of  heading  in  excess  of  20  degrees  before  re¬ 
covery  is  complete. 

4T.113  Takeoff;  general. 

(a)  The  takeoff  data  in  sections  4T.114  through  4T.117  shall  be 
determined  under  the  conditions  of  subparagraphs  (1)  and  (2)  of  this 
paragraph. 
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(1)  At  all  weights,  altitudes,  and  ambient  temperatures, 
within  the  operational  limits  established  by  the  applicant  for  the  airplane. 

(2)  In  the  configuration  for  takeoff  (see  sec.  4T.111). 

(b)  Takeoff  data  shall  be  based  on  a  smooth,  dry,  hard-surfaced 
runway  and  shall  be  determined  in  such  a  manner  that  reproduction  of 
the  performance  does  not  require  exceptional  skill  or  alertness  on  the  part 
of  the  pilot.  In  the  case  of  seaplanes  or  float  planes,  the  takeoff  surface 
shall  be  smooth  water,  while  for  skiplane  it  shall  be  smooth,  dry  snow.  In 
addition,  the  takeoff  data  shall  include  operational  correction  factors  in 
accordance  with  subparagraphs  (1)  and  (2)  of  this  paragraph  for  wind  and 
for  runway  gradients,  within  the  operational  limits  established  by  the 
applicant  for  the  airplane. 

(1)  Not  more  than  50  percent  of  nominal  wind  components 
along  the  takeoff  path  opposite  to  the  direction  of  takeoff,  and  not  less  than 
150  percent  of  nominal  wind  components  along  the  takeoff  path  in  the 
direction  of  takeoff. 

(2)  Effective  runway  gradients. 

4T.114  Takeoff  speeds. 

(a)  The  critical-engine-failure  speed  F,  in  terms  of  calibrated 
air  speed,  shall  be  selected  by  the  applicant,  but  shall  not  be  less  than  the 
minimum  speed  at  which  controllability  by  primary  aerodynamic  controls 
alone  is  demonstrated  during  the  takeoff  run  to  be  adequate  to  permit 
proceeding  safely  with  the  takeoff  using  average  piloting  skill,  when  the 
critical  engine  is  suddenly  made  inoperative. 

(b)  The  minimum  takeoff  safety  speed  V.  ,  in  terms  of  cali¬ 
brated  airspeed,  shall  not  be  less  than : 

(1)  1.2  Vt  for  two-engine  propeller-driven  airplanes  and  for 
airplanes  without  propellers  which  have  no  provisions  for  obtaining  a 
significant  reduction  in  the  one-engine-inoperative  power-on  stalling  speed ; 

(2)  1.15  F,  for  propeller-driven  airplanes  having  more  than 
two  engines  and  for  airplanes  without  propellers  which  have  provisions  for 
obtaining  a  significant  reduction  in  the  one-engine-inoperative  power-on 
stalling  speed; 

(3)  1.10  times  the  minimum  control  speed  Vnr. 

(c)  The  takeoff  safety  speed  F- ,  in  terms  of  calibrated  air  speed, 
shall  be  selected  by  the  applicant  so  as  to  permit  the  gradient  of  climb  re¬ 
quired  in  section  4T.120(b),  but  it  shall  not  1^  less  than : 

(1)  The  speed  F^  , 

(2)  The  rotation  speed  Vk  (see  paragraph  (e)  of  this  section) 
plus  the  increment  in  speed  attained  prior  to  reaching  a  height  of  35  feet 
above  the  takeoff  surface  in  compliance  with  section  4T.116(e). 

(d)  The  minimum  unstick  speed  Fvr,  in  terms  of  calibrated 
air  speed,  shall  be  the  speed  at  and  above  which  the  airplane  can  be  made 
to  lift  off  the  ground  and  to  continue  the  takeoff  without  displaying  any 
hazardous  characteristics.  Fjfr  speeds  shall  be  selected  by  the  applicant 
for  the  all-engines-operating  and  the  one-engine-inoperative  conditions. 
It  shall  be  acceptable  to  establish  the  Vm  speeds  from  free  air  data:  Pro¬ 
vided,  That  these  data  are  verified  by  ground  takeoff  tests. 

NOTE:  In  certain  casea,  ground  takeoff  teats  might  involve  some  takeoffs  at  the  Fvr 
speeds. 
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(e)  The  rotation  speed  Vn/m  terms  of  calibrated  air  speed,  shall 
be  selected  by  the  applicant  in  compliance  with  the  conditions  of  subpara¬ 
graphs  (1)  through  (4)  of  this  paragraph. 

(1)  The  Va  speed  shall  not  be  less  than: 

(i)  The  speed  F, ; 

(ii)  A  speed  equal  to  105  percent  of  Vmc  ; 

(iii)  A  speed  which  permits  the  attainment  of  the  speed  V-. 
prior  to  reaching  a  height  of  35  feet  above  the  takeoff  surface  as  deter¬ 
mined  in  accordance  with  section  4T.116(e) ; 

(iv)  A  speed  which,  if  the  airplane  is  rotated  at  its  maxi¬ 
mum  practicable  rate,  will  result  in  a  lift-off  speed  Vutt-  (see  paragraph  (f) 
of  this  section)  not  less  than  110  percent  of  Vjti  in  the  all-engines-operating 
condition  nor  less  than  105  percent  of  Vuv  in  the  one-engine-inoperative 
condition. 

(2)  For  any  given  set  of  conditions  (weight,  configuration, 
temperature,  etc.),  a  single  value  of  Fa  speed  obtained  in  accordance  with 
this  paragraph  shall  be  used  in  showing  compliance  with  both  the  one- 
engine-inoperative  and  the  all-engines-operating  takeoff  provisions. 

(3)  It  shall  be  shown  that  the  one-engine-inoperative  take¬ 
off  distance  determined  with  a  rotation  speed  5  knots  less  than  the  Fa 
speed  established  in  accordance  with  subparagraphs  (1)  and  (2)  of  this 
paragraph  does  not  exceed  the  corresponding  one-engine-inoperative  take¬ 
off  distance  determined  with  the  established  Fa  speed.  The  determina¬ 
tion  of  the  takeoff  distances  shall  be  in  accordance  with  section 
4T.117(a)(l). 

(4)  It  shall  be  demonstrated  that  reasonably  expected  varia¬ 
tions  in  service  from  the  takeoff  procedures  established  by  the  applicant 
for  the  operation  of  the  airplane  (see  sec.  4T.lll(c))  (e.g.,  over-rotation 
of  the  airplane,  out  of  trim  conditions)  will  not  result  in  unsafe  flight 
characteristics  nor  in  marked  increases  in  the  scheduled  takeoff  distances 
established  in  accordance  with  section  4T.117(a). 

(f )  The  lift-off  speed  Vimf,  in  terms  of  calibrated  air  speed,  shall 
be  the  speed  at  which  the  airplane  first  becomes  airborne. 

4T.115  Accelerate-stop  distance. 

(a)  The  accelerate-stop  distance  shall  be  the  sum  of  the 
following : 

(1)  The  distance  required  to  accelerate  the  airplane  from  a 
standing  start  to  the  speed  Fi; 

(2)  Assuming  the  critical  engine  to  fail  at  the  speed  F„  the 
distance  required  to  bring  the  airplane  to  a  full  stop  from  the  point 
corresponding  with  the  speed  F, . 

(b)  In  addition  to,  or  in  lieu  of,  wheel  brakes,  the  use  of  other 
braking  means  shall  be  acceptable  in  determining  the  accelerate-stop  dis¬ 
tance,  provided  that  such  braking  means  shall  have  been  proven  to  be 
safe  and  reliable,  that  the  manner  of  their  employment  is  such  that  con¬ 
sistent  results  can  be  expected  in  service  and  that  exceptional  skill  is 
not  required  to  control  the  airplane. 

(c)  The  landing  gear  shall  remain  extended  throughout  the 
accelerate-stop  distance. 

(d)  If  the  accelerate-stop  distance  is  intended  to  include  a  stop¬ 
way  with  surface  characteristics  substantially  different  from  those  of  a 
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smooth  hard-surfaced  runway,  the  takeoff  data  shall  include  operational 
correction  factors  for  the  accelerate-stop  distance  to  account  for  the  par¬ 
ticular  surface  characteristics  of  the  stopway  and  the  variations  in  such 
characteristics  with  seasonal  weather  conditions  (i.e.,  temperature,  rain, 
snow,  ice,  etc.),  within  the  operational  limits  established  by  the 
applicant. 

4T.116  Takeoff  path.  The  takeoff  path  shall  be  considered  to 
extend  from  the  standing  start  to  a  point  in  the  takeoff  where  a  height 
of  1,500  feet  above  the  takeoff  surface  is  reached  or  to  a  point  in  the 
takeoff  where  the  transition  from  the  takeoff  to  the  en  route  configura¬ 
tion  is  completed  and  a  speed  is  reached  at  which  compliance  with  sec¬ 
tion  4T.120(c)  is  shown,  whichever  point  is  at  a  higher  altitude.  The 
conditions  of  paragraphs  (a)  through  (i)  of  this  section  shall  apply  in 
determining  the  takeoff  path. 

(a)  The  takeoff  path  shall  be  based  upon  procedures  prescribed 
in  accordance  with  section  4T.lll(c). 

(b)  The  airplane  shall  be  accelerated  on  the  ground  to  the  speed 
Vi  at  which  point  the  critical  engine  shall  be  made  inoperative  and  shall 
remain  inoperative  during  the  remainder  of  the  takeoff.  Subsequent  to 
attaining  speed  the  airplane  shall  be  accelerated  to  speed  V.  during 
which  time  it  shall  be  permissible  to  initiate  raising  the  nose  gear  off  the 

(c)  Landing  gear  retraction  shall  not  be  initiated  until  the 
ground  at  a  speed  not  less  than  the  rotating  speed  Vjt. 

airplane  becomes  airborne. 

(d)  The  slope  of  the  airborne  portion  of  the  takeoff  path  shall 
be  positive  at  all  points. 

(e)  The  airplane  shall  attain  the  speed  V-.  prior  to  reaching 
a  height  of  35  feet  above  the  takeoff  surface  and  shall  continue  at  a  speed 
as  close  as  practical  to,  but  not  less  than,  V.,  until  a  height  of  400  feet 
above  the  takeoff  surface  is  reached. 

(f)  Except  for  gear  retraction  and  propeller  feathering,  the 
airplane  configuration  shall  not  be  changed  before  reaching  a  height  of 
400  feet  above  the  takeoff  surface. 

(g)  At  all  points  along  the  takeoff  path  starting  at  the  point 
where  the  airplane  first  reaches  a  height  of  400  feet  above  the  takeoff 
surface,  the  available  gradient  of  climb  shall  not  be  less  than  1.2  percent 
for  two-engine  airplanes,  and  1.7  percent  for  four-engine  airplanes. 

(h)  The  takeoff  path  shall  be  determined  either  by  a  continu¬ 
ous  demonstrated  takeoff,  or  alternatively,  by  synthesizing  from  segments 
the  complete  takeoff  path. 

(i)  If  the  takeoff  path  is  determined  by  the  segmental  method, 
the  provisions  of  subparagraphs  (1)  through  (4)  of  this  paragraph  shall 
be  specifically  applicable. 

(1)  The  segments  of  a  segmental  takeoff  path  shall  be  clearly 
defined  and  shall  be  related  to  the  distinct  changes  in  the  configuration 
of  the  airplane,  in  power  and/or  thrust,  and  in  speed. 

(2)  The  weight  of  the  airplane,  the  configuration,  and  the 
power  and/or  thrust  shall  be  constant  throughout  each  segment  and  shall 
correspond  with  the  most  critical  condition  prevailing  in  the  particular 
segment. 
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(3)  The  segmental  flight  path  shall  be  based  on  the  airplane’s 
performance  without  ground  effect. 

(4)  Segmental  takeoff  path  data  shall  be  checked  by  con¬ 
tinuous  demonstrated  takeoffs  up  to  the  point  where  the  airplane’s  per¬ 
formance  is  out  of  ground  effect  and  the  airplane’s  speed  is  stabilized, 
to  ensure  that  the  segmental  path  is  conservative  relative  to  the  contin¬ 
uous  path. 

NOTE :  The  airplane  usually  is  considered  out  of  ground  effect  when  it  reaches  a  height 
above  the  ground  equal  to  the  airplane’s  wing  span. 

4T.117  Takeoff  distance  and  takeoff  run. 

(a)  Takeoff  distance.  The  takeoff  distance  shall  be  the  greater 
of  the  distances  established  in  accordance  with  subparagraphs  (1)  and 
(2)  of  this  paragraph. 

(1)  The  horizontal  distance  along  the  takeoff  path  from  the 
start  of  the  takeoff  to  the  point  where  the  airplane  attains  a  height  of 
35  feet  above  the  takeoff  surface,  as  determined  in  accordance  with  sec¬ 
tion  4T.116. 

(2)  A  distance  equal  to  115  percent  of  the  horizontal  distance 
along  the  takeoff  path,  with  all  engines  operating,  from  the  start  of  the 
takeoff  to  the  point  where  the  airplane  attains  a  height  of  35  feet  above 
the  takeoff  surface,  as  determined  by  a  procedure  consistent  with  that 
established  in  accordance  with  section  4T.116. 

(b)  Takeoff  run.  If  the  takeoff  distance  is  intended  to  include 
a  clearway  (see  item  5  of  this  regulation),  the  takeoff  run  shall  be  deter¬ 
mined  and  shall  be  the  greater  of  the  distances  established  in  accordance 
with  subparagraphs  (1)  and  (2)  of  this  paragraph. 

(1)  The  horizontal  distance  along  the  takeoff  path  from  the 
start  of  the  takeoff  to  a  point  equidistant  between  the  point  where  the 
speed  ViMf  is  reached  and  the  point  where  the  airplane  attains  a  height  of 
35  feet  above  the  takeoff  surface,  as  determined  in  accordance  with  section 
4T.116. 

(2)  A  distance  equal  to  115  percent  of  the  horizontal  distance 
along  the  takeoff  path,  with  all  engines  operating,  from  the  start  of  the 
takeoff  to  a  point  equidistant  between  the  point  where  the  speed  Vlof  is 
reached  and  the  point  where  the  airplane  attains  a  height  of  35  feet  above 
the  takeoff  surface,  as  determined  by  a  procedure  consistent  with  that 
established  in  accordance  with  section  4T.116. 

4T.117a  Takeoff  flight  path. 

(a)  The  takeoff  flight  path  shall  be  considered  to  begin  at  a 
height  of  35  feet  above  the  takeoff  surface  at  the  end  of  the  takeoff  distance 
as  determined  in  accordance  with  section  4T.117(a). 

(b)  The  net  takeoff  flight  path  data  shall  be  determined  in  such 
a  manner  that  they  represent  the  airplane’s  actual  takeoff  flight  paths,  de¬ 
termined  in  accordance  with  section  4T.116  and  with  paragraph  (a)  of 
this  section,  reduced  at  each  point  by  a  gradient  of  climb  equal  to  0.8  per¬ 
cent  for  two-engine  airplanes  and  equal  to  1.0  percent  for  four-engine  air¬ 
planes.  It  shall  be  acceptable  to  apply  the  prescribed  reduction  in  climb 
gradient  as  an  equivalent  reduction  in  the  airplane’s  acceleration  along 
that  portion  of  the  actual  takeoff  flight  path  where  the  airplane  is  ac¬ 
celerated  in  level  flight. 
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4T.118  Climb;  general.  Compliance  shall  be  shown  with  the 
climb  requirements  of  sections  4T.119  and  4T.120  at  all  weights,  altitudes, 
and  ambient  temperatures,  within  the  operational  limits  established 
by  the  applicant  for  the  airplane.  The  airplane’s  center  of  gravity  shall 
be  in  the  most  unfavorable  position  corresponding  with  the  applicable 
configuration. 

4T.119  All'engine-operating  landing  climb.  In  the  landing  con¬ 
figuration  the  steady  gradient  of  climb  shall  not  be  less  than  3.2  percent, 
with: 

(a)  All  engines  operating  at  the  power  and/or  thrust  which 
are  available  8  seconds  after  initiation  of  movement  of  the  power  and/or 
thrust  controls  fromthe  minimum  flight  idle  to  the  takeoff  position; 

(b)  A  climb  speed  not  in  excess  of  1.3  V. . 

4T.120  One-engine-inoperative  climb. 

(a)  Takeoff;  landing  gear  extended.  In  the  critical  takeoff 
configuration  existing  along  the  flight  path  between  the  points  where  the 
airplane  reaches  the  speed  Vu,y  and  where  the  landing  gear  is  fully  re¬ 
tracted,  in  accordance  with  section  4T.116  but  without  ground  effect,  the 
steady  gradient  of  climb  shall  be  positive  for  two-engine  airplanes  and 
shall  not  be  less  than  0.5  percent  for  four-engine  airplanes,  with : 

(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  available  takeoff  power  and/or  thrust  existing  in  accord¬ 
ance  with  section  4T.116  at  the  time  retraction  of  the  airplane’s  landing 
gear  is  initiated,  unless  subsequently  a  more  critical  power  operating  con¬ 
dition  exists  along  the  flight  path  prior  to  the  point  where  the  landing  gear 
is  fully  retracted; 

(2)  The  weight  equal  to  the  airplane’s  weight  existing  in  ac¬ 
cordance  with  section  4T.116  at  the  time  retraction  of  the  airplane’s  land¬ 
ing  gear  is  initiated ; 

(3)  The  speed  equal  to  the  speed  Viof- 

(b)  Takeoff;  landing  gear  retracted.  In  the  takeoff  configura¬ 
tion  existing  at  the  point  of  the  flight  path  where  the  airplane’s  landing 
gear  is  fully  retracted,  in  accordance  with  section  4T.116  but  without 
ground  effect,  the  steady  gradient  of  climb  shall  not  be  less  than  2.4  per¬ 
cent  for  two-engine  airplanes  and  not  less  than  3.0  percent  for  four-engine 
airplanes,  with : 

(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  available  takeoff  power  and/or  thrust  existing  in  accord¬ 
ance  with  section  4T.116  at  the  time  the  landing  gear  is  fully  retracted,  un¬ 
less  subsequently  a  more  critical  power  operating  condition  exists  along 
the  flight  path  prior  to  the  point  where  a  height  of  400  feet  above  the 
takeoff  surface  is  reached ; 

(2)  The  weight  equal  to  the  airplane’s  weight  existing  in  ac¬ 
cordance  with  section  4T.116  at  the  time  the  airplane’s  landing  gear  is 
fully  retracted; 

(3)  The  speed  equal  to  the  speed  . 

(c)  Final  takeoff.  In  the  en  route  configuration,  the  steady 
gradient  of  climb  shall  not  be  less  than  1.2  percent  for  two-engine  airplanes 
and  not  less  than  1.7  percent  for  four-engine  airplanes,  at  the  end  of  the 
takeoff  path  as  determined  by  section  4T.li6,  with : 
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(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  available  maximum  continuous  power  and/or  thrust ; 

(2)  The  weight  equal  to  the  airplane’s  weight  existing  in  ac¬ 
cordance  with  section  4T.116  at  the  end  of  the  takeoff  path. 

(3)  The  speed  equal  to  not  less  than  1.25  V, . 

(d)  Approach.  In  the  approach  configuration  corresponding 
with  the  normal  all-engines-operating  procedure  such  that  V.  related  to 
this  configuration  does  not  exceed  110  percent  of  the  V,  corresponding 
with  the  related  landing  configuration,  the  steady  gradient  of  climb  shall 
not  be  less  than  2.1  percent  for  two-engine  airplanes  and  not  less  than  2.7 
percent  for  four-engine  airplanes  with : 

(1)  The  critical  engine  inoperative,  the  remaining  engine(s) 
operating  at  the  available  takeoff  power  and/or  thrust ; 

(2)  The  weight  equal  to  the  maximum  landing  weight ; 

(3)  A  climb  speed  established  by  the  applicant  in  connection 
with  normal  landing  procedures,  except  that  it  shall  not  exceed  1.5  V. 
(seesec.4T.lll(c)). 

4T.121  En  route  flight  paths.  With  the  airplane  in  the  en  route 
configuration,  the  flight  paths  prescribed  in  paragraphs  (a)  and  (b)  of  this 
section  shall  be  determined  at  all  weights,  altitudes,  and  ambient  tempera¬ 
tures,  within  the  operational  limits  established  by  the  applicant  for  the 
airplane. 

(a)  One  engine  inoperative.  The  one-engine-inoperative  net 
flight  path  data  shall  be  determined  in  such  a  manner  that  they 
represent  the  airplane’s  actual  climb  performance  diminished  by  a  gradi¬ 
ent  of  climb  equal  to  1.1  percent  for  two-engine  airplanes  and  1.6  percent 
for  four-engine  airplanes.  It  shall  be  acceptable  to  include  in  these  data 
the  variation  of  the  airplane’s  weight  along  the  flight  path  to  take  into 
account  the  progressive  consumption  of  fuel  and  oil  by  the  operating 
engine(s). 

(b)  Two  engines  inoperative.  For  airplanes  with  four  engines, 
the  two-engine-inoperative  net  flight  path  data  shall  be  determined  in  such 
a  manner  that  they  represent  the  airplane’s  actual  climb  performance 
diminished  by  a  gradient  of  climb  equal  to  0.5  percent.  It  shall  be  accept¬ 
able  to  include  in  these  data  the  variation  of  the  airplane’s  weight  along 
the  flight  path  to  take  into  account  the  progressive  consumption  of  fuel 
and  oil  by  the  operating  engines. 

(c)  Conditions.  In  determining  the  flight  paths  prescribed  in 
paragraphs  (a)  and  (b)  of  this  section,  the  conditions  of  subparagraphs 

(1)  through  (4)  of  this  paragraph  shall  apply. 

(1)  The  airplane’s  center  of  gravity  shall  be  in  the  most 
unfavorable  position. 

(2)  The  critical  engine(s)  shall  be  inoperative,  the  remaining 
engine(s)  operating  at  the  available  maximum  continuous  power  and/or 
thrust. 

(3)  Means  for  controlling  the  engine  cooling  air  supply  shall 
be  in  the  position  which  provides  adequate  cooling  in  the  hot-day  condition. 

(4)  The  speed  shall  be  selected  by  the  applicant. 

4T.122  Landing  distance.  The  landing  distance  shall  be  the  hori¬ 
zontal  distance  required  to  land  and  to  come  to  a  complete  stop  (to  a  speed 
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of  approximately  3  knots  in  the  case  of  seaplanes  or  float  planes)  from  a 
point  at  a  height  of  50  feet  above  the  landing  surface.  Landing  distances 
shall  be  determined  for  standard  temperatures  at  all  weights,  altitudes, 
and  winds,  within  the  operational  limits  established  by  the  applicant  for 
the  airplane.  The  conditions  of  paragraphs  (a)  through  (g)  of  this 
section  shall  apply. 

(a)  The  airplane  shall  be  in  the  landing  configuration.  During 
the  landing,  changes  in  the  airplane’s  configuration,  in  power  and/or 
thrust,  and  in  speed  shall  be  in  accordance  with  procedures  established  by 
the  applicant  for  the  operation  of  the  airplane  in  service.  The  procedures 
shall  comply  with  the  provisions  of  section  4T.111  (c). 

(b)  The  landing  shall  be  preceded  by  a  steady  gliding  approach 
down  to  the  50-foot  height  with  a  calibrated  air  speed  of  not  less  than 
1,3  Vs. 

(c)  The  landing  distance  shall  be  based  on  a  smooth,  dry,  hard¬ 
surfaced  runway,  and  shall  be  determined  in  such  a  manner  that  reproduc¬ 
tion  does  not  require  exceptional  skill  or  alertness  on  the  part  of  the  pilot. 
In  the  case  of  seaplanes  or  float  planes,  the  landing  surface  shall  be  smooth 
water,  while  for  skiplanes  it  shall  be  smooth,  dry  snow.  During  landing, 
the  airplane  shall  not  exhibit  excessive  vertical  acceleration,  a  tendency  to 
bounce,  nose  over,  ground  loop,  porpoise,  or  water  loop. 

(d)  The  landing  distance  data  shall  include  operational  correc¬ 
tion  factors  for  not  more  than  50  percent  of  nominal  wind  components 
along  the  landing  path  opposite  to  the  direction  of  landing  and  not  less 
than  150  percent  of  nominal  wind  components  along  the  landing  path  in 
the  direction  of  landing. 

(e)  During  landing,  the  operating  pressures  on  the  wheel  brak¬ 
ing  system  shall  not  be  in  excess  of  those  approved  by  the  manufacturer 
of  the  brakes,  and  the  wheel  brakes  shall  not  be  used  in  such  a  manner  as 
to  produce  excessive  wear  of  brakes  and  tires. 

(f)  In  addition  to,  or  in  lieu,  of,  wheel  brakes,  the  use  of  other 
braking  means  shall  be  acceptable  in  determining  the  landing  distance, 
provided  such  braking  means  shall  have  been  proven  to  be  safe  and 
reliable,  that  the  manner  of  their  employment  is  such  that  consistent 
results  can  be  expected  in  service,  and  that  exceptional  skill  is  not  required 
to  control  the  airplane. 

(g)  If  the  characteristics  of  a  device  (e.g.,  the  propellers)  de¬ 
pendent  upon  the  operation  of  any  of  the  engines  noticeably  increase  the 
landing  distance  when  the  landing  is  made  with  the  engine  inoperative, 
the  landing  distance  shall  be  determined  with  the  critical  engine  in¬ 
operative  unless  the  Administrator  finds  that  the  use  of  compensating 
means  will  result  in  a  landing  distance  not  greater  than  that  attained  with 
all  engines  operating. 

4T.123  Limitations  and  information. 

(a)  Limitations.  The  performance  limitations  on  the  operation 
of  the  airplane  shall  be  established  in  accordance  with  subparagraph  (1) 
through  (4)  of  this  paragraph.  (See  also  sec.  4T.743.) 

(I)  Takeoff  weights.  The  maximum  takeoff  weights  shall  be 
established  at  which  compliance  is  shown  with  the  generally  applicable 
provisions  of  this  regulation  and  with  the  takeoff  climb  provisions  pre- 
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scribed  in  section  4T.120  (a),  (b),  and  (c)  for  altitudes  and  ambient  tem¬ 
peratures,  within  the  operational  limits  of  the  airplane  (see  subparagraph 
(4)  of  this  paragraph). 

(2)  Landing  weights.  The  maximum  landing  weights  shall 
be  established  at  which  compliance  is  shown  with  the  generally  applicable 
provisions  of  this  regulation  and  with  the  landing  and  takeoff  climb 
provisions  prescribed  in  sections  4T.119  and  4T.120  for  altitudes  and  am¬ 
bient  temperatures,  within  the  operational  limits  of  the  airplane  (see 
subparagraph  (4)  of  this  paragraph). 

(3)  Accelerate-stop  distance,  takeoff  distance,  and  takeoff 
run.  The  minimum  distances  required  for  takeoff  shall  be  established  at 
which  compliance  is  shown  with  the  generally  applicable  provisions  of 
this  regulation  and  with  sections  4T.115  and  4T.117(a)  and  with  4T.117(b) 
if  the  takeoff  distance  is  intended  to  include  a  clearway,  for  weights, 
altitudes,  temperatures,  wind  components,  and  runway  gradients,  within 
the  operational  limits  of  the  airplane  (see  subparagraph  (4)  of  this 
paragraph). 

(4)  Operational  limits.  The  operational  limits  of  the  airplane 
shall  be  established  by  the  applicant  for  all  variable  factors  required  in 
showing  compliance  with  this  regulation  (weight,  altitude,  temperature, 
etc.).  (See  secs.  4T.113  (a)(1)  and  (b),  4T.115(d),  4T.118,  4T.121,  and 
4T.122.) 

(b)  Information.  The  performance  information  on  the  opera¬ 
tion  of  the  airplane  shall  be  scheduled  in  compliance  with  the  generally 
applicable  provisions  of  this  regulation  and  with  sections  4T.117a(b), 
4T.121,  and  4T.122  for  weights,  altitudes,  temperatures,  wind  components, 
and  runway  gradients,  as  these  may  be  applicable,  within  the  operational 
limits  of  the  airplane  (see  subparagraph  (a)(4)  of  this  section).  In  addi¬ 
tion,  the  performance  information  specified  in  subparagraphs  (1)  through 
(3)  of  this  paragraph  shall  be  determined  by  extrapolation  and  scheduled 
for  the  ranges  of  weights  between  the  maximum  landing  and  maximum 
takeoff  weights  established  in  accordance  with  subparagraphs  (a)(1)  and 
(a)  (2)  of  this  section.  (See  also  sec.  4T.743.) 

(1)  Climb  in  the  landing  configuration  (see  sec.  4T.119) ; 

(2)  Climb  in  the  approach  configuration  (see  sec.  4T.120(d)) ; 

(3)  Landing  distance  (see  sec.  4T.122). 

AIRPLANE  FLIGHT  MANUAL 

4T.743  Performance  limitations,  information,  and  other  data. 

(a)  Limitations.  The  airplane’s  performance  limitations  shall 
be  given  in  accordance  with  section  4T.123(a). 

(b)  Information.  The  performance  information  prescribed  in 
section  4T.123(b)  for  the  application  of  the  operating  rules  of  this  regula¬ 
tion  shall  be  given  together  with  descriptions  of  the  conditions,  air  speeds, 
etc.,  under  which  the  data  were  determined. 

(c)  Procedures.  Procedures  established  in  accordance  with 
section  4T.lll(c)  shall  be  given  to  the  extent  such  procedures  are  related 
to  the  limitations  and  information  set  forth  in  accordance  with  para¬ 
graphs  (a)  and  (b)  of  this  section.  Such  procedures,  in  the  form  of 
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guidance  material,  shall  be  included  with  the  relevant  limitations  or  in¬ 
formation,  as  applicable. 

(d)  Miacellaneom.  An  explanation  shall  be  given  of  signifi¬ 
cant  or  unusual  flight  or  ground  handling  characteristics  of  the  airplane. 

3.  In  lieu  of  sections  40.70  through  40.78, 41.27  through  4U6(d),  and 
42.70  through  42.83,  of  Parts  40,  41,  and  42,  respectively,  of  the  Civil  Air 
Regulations,  the  following  shall  be  applicable: 

OPERATING  RULES 

40T.80  Trtmsport  category  airplane  operating  limitations. 

(a)  In  operating  any  passenger-carrying  transport  category 
airplane  certificated  in  accordance  with  the  performance  requirements  of 
this  regulation,  the  provisions  of  sections  40T.80  through  40T.84  shall  be 
complied  with,  unless  deviations  therefrom  are  specifically  authorized 
by  the  Administrator  on  the  ground  that  the  special  circumstances  of  a 
particular  case  make  a  literal  observance  of  the  requirements  unnecessary 
for  safety. 

(b)  The  performance  data  in  the  Airplane  Flight  Manual  shall 
be  applied  in  determining  compliance  with  the  provisions  of  sections 
40T.81  through  40T.84.  Where  conditions  differ  from  those  for  which 
specific  tests  were  made,  compliance  shall  be  determined  by  approved 
interpolation  or  computation  of  the  effects  of  changes  in  the  specific 
variables  if  such  interpolations  or  computations  give  results  substantially 
equalling  in  accuracy  the  results  of  a  direct  test. 

40T.81  Airplanes  certificate  limitations. 

(a)  No  airplane  shall  be  taken  off  at  a  weight  which  exceeds 
the  takeoff  weight  specified  in  the  Airplane  Flight  Manual  for  the  eleva¬ 
tion  of  the  airport  and  for  the  ambient  temperature  existing  at  the  time 
of  the  takeoff.  (See  secs.  4T.123(a)(l)  and  4T.743(a).) 

(b)  No  airplane  shall  be  taken  off  at  a  weight  such  that,  allow¬ 
ing  for  normal  consumption  of  fuel  and  oil  in  flight  to  the  airport  of 
destination  and  to  the  alternate  airports,  the  weight  on  arrival  will  exceed 
the  landing  weight  specified  in  the  Airplane  Flight  Manual  for  the  ele¬ 
vation  of  each  of  the  airports  involved  and  for  the  ambient  temperatures 
anticipated  at  the  time  of  landing.  (See  secs.  4T.123(a)  (2)  and  4T.743(a).) 

(c)  No  airplane  shall  be  taken  off  at  a  weight  which  exceeds 
the  weight  at  which,  in  accordance  with  the  minimum  distances  for  take¬ 
off  scheduled  in  the  Airplane  Flight  Manual,  compliance  with  subpara¬ 
graphs  (1)  through  (3)  of  this  paragraph  is  shown.  These  distances 
shall  correspond  with  the  elevation  of  the  airport,  the  runway  to  be 
used,  the  effective  runway  gradient,  and  the  ambient  temperature  and 
wind  component  existing  at  the  time  of  takeoff.  (See  secs.  4T.123(a)(3) 
and  4T.743(a).) 

(1)  The  accelerate-stop  distance  shall  not  be  greater  than 
the  length  of  the  runway  plus  the  length  of  the  stopway  if  present. 

(2)  The  takeoff  distance  shall  not  be  greater  than  the  length 
of  the  runway  plus  the  length  of  the  clearway  if  present,  except  that 
the  length  of  the  clearway  shall  not  be  greater  than  one-half  of  the 
length  of  the  runway. 
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(3)  The  takeoff  run  shall  not  be  greater  than  the  length  of 

the  runway. 

(d)  No  airplane  shall  be  operated  outside  the  operational  limits 
specified  in  the  Airplane  Flight  Manual,  (See  secs.  4T.12:Ka)(4)  and 
4T.743(a).) 

40T.82  Takeoff  obstacle  clearance  limitations.  N o  airplane  shal  I 
be  taken  off  at  a  weight  in  excess  of  that  shown  in  the  Airplane  Flight 
Manual  to  correspond  with  a  net  takeoff  flight  path  which  clears  all 
obstacles  either  by  at  least  a  height  of  35  feet  vertically  or  by  at  least 
200  feet  horizontally  within  the  airport  boundaries  and  by  at  least  300 
feet  horizontally  after  passing  beyond  the  boundaries.  In  determining 
the  allowable  deviation  of  the  net  takeoff  flight  path  in  order  to  avoid 
obstacles  by  at  least  the  distances  prescribed,  it  shall  be  assumed  that 
the  airplane  is  not  banked  before  reaching  a  height  of  50  feet  as  shown 
by  the  net  takeoff  flight  path  data  in  the  Airplane  Flight  Manual,  and 
that  a  maximum  bank  thereafter  does  not  exceed  15  degrees.  The  net 
takeoff  flight  path  considered  shall  be  for  the  elevation  of  the  airport, 
the  effective  runway  gradient,  and  for  the  ambient  temperature  and  wind 
component  existing  at  the  time  of  takeoff.  (See  secs.  4T.123(b)  and 
4T.743(b).) 

40T.83  En  route  limitations.  All  airplanes  shall  be  operated  in 
compliance  with  paragraph  (a)  of  this  section.  In  addition,  no  airplane 
shall  be  flown  along  an  intended  route  if  any  place  along  the  route  is 
more  than  90  minutes  away  from  an  airport  at  which  a  landing  can  be 
made  in  accordance  with  section  40T.84(b),  assuming  all  engines  to  be 
operating  at  cruising  power,  unless  compliance  is  shown  with  paragraph 
(b)  of  this  section. 

(a)  One  engine  inoperative.  No  airplane  shall  be  taken  off  at 
a  weight  in  excess  of  that  which,  according  to  the  one^ngine-inoperative 
en  route  net  flight  path  data  shown  in  the  Airplane  Flight  Manual,  will 
permit  compliance  '/ith  either  subparagraphs  (1)  or  (2)  of  this  para¬ 
graph  at  all  points  almig  the  route.  The  net  flight  path  shall  have  a 
positive  slope  at  1,500  feet  above  the  airport  where  the  landing  is  as¬ 
sumed  to  be  made  after  the  engine  fails.  The  net  flight  path  used  shall 
be  for  the  ambient  temperatures  anticipated  along  the  route.  (See  secs. 
4Ta23(b)  and  4T.743(b).) 

(1)  The  slope  of  the  net  flight  path  shall  be  positive  at  an 
altitude  of  at  least  1,000  feet  above  all  terrain  and  obstructions  along 
the  route  within  5  statute  miles  (4.34  nautical  miles)  on  either  side  of 
the  intended  track. 

(2)  The  net  flight  path  shall  be  such  as  to  permit  the  air¬ 
plane  to  continue  flight  from  the  cruising  altitude  to  an  airport  where 
a  landing  can  be  made  in  accordance  with  the  provisions  of  section 
40T.84(b),  the  net  flight  path  clearing  vertically  by  at  least  2,000  feet  all 
terrain  and  obstructions  along  the  route  within  5  statute  miles  (4.34  nau¬ 
tical  miles)  on  either  side  of  the  intended  track.  The  provisions  of  sub¬ 
divisions  (i)  through  (vi)  of  this  subparagraph  shall  apply. 

(i)  The  engine  shall  be  assumed  to  fail  at  the  most  criti¬ 
cal  point  along  the  route. 

(ii)  The  airplane  shall  be  assumed  to  pass  over  the  critical 
obstruction  following  engine  failure  at  a  point  no  closer  to  the  critical 
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obstruction  than  the  nearest  approved  radio  navigational  fix,  except  that 
the  Administrator  may  authorize  a  procedure  established  on  a  different 
basis  where  adequate  operational  safeguards  are  found  to  exist. 

(iii)  An  approved  method  shall  be  used  to  account  for  winds 
which  would  otherwise  adversely  affect  the  flight  path. 

(iv)  Fuel  jettisoning  shall  be  permitted  if  the  Adminis¬ 
trator  finds  that  the  operator  has  an  adequate  training  program,  proper 
instructions  are  given  to  the  flight  crew,  and  all  other  precautions  are 
taken  to  ensure  a  safe  procedure. 

(v)  The  alternate  airport  shall  be  specified  in  the  dispatch 
release  and  shall  meet  the  prescribed  weather  minima. 

(vi)  The  consumption  of  fuel  and  oil  after  the  engine  is 
assumed  to  fail  shall  be  that  which  is  accounted  for  in  the  net  flight 
path  data  shown  in  the  Airplane  Flight  Manual. 

(b)  7*100  engines  inoperative.  No  airplane  shall  be  taken  off 
at  a  weight  in  excess  of  that  which,  according  to  the  two-engine-inoperative 
en  route  net  flight  path  data  shown  in  the  Airplane  Flight  Manual,  will 
permit  the  airplane  to  continue  flight  from  the  point  where  two  engines 
are  assumed  to  fail  simultaneously  to  an  airport  where  a  landing  can 
be  made  in  accordance  with  the  provisions  of  section  40T.84(b),  the  net 
flight  path  clearing  vertically  by  at  least  2,000  feet  all  terrain  and  ob¬ 
structions  along  the  route  within  5  statute  miles  (4.34  nautical  miles)  on 
either  side  of  the  intended  track.  The  net  flight  path  considered  shall 
be  for  the  ambiec^  temperatures  anticipated  along  the  route.  The  pro¬ 
visions  of  subparagraphs  (1)  through  (5)  of  this  paragraph  shall  apply. 

(See  secs.  4T.123(b)  and  4T.734(b).) 

(1)  The  two  engines  shall  be  assumed  to  fnil  at  the  most 
critical  point  along  the  route. 

(2)  The  net  flight  path  shall  have  a  positive  slope  at  1,500 
feet  above  the  airport  where  the  landing  is  assumed  to  be  made  after 
failure  of  two  engines. 

(3)  Fuel  jettisoning  shall  be  permitted  if  the  Administrator 
finds  that  the  operator  has  an  adequate  training  program,  proper  instruc¬ 
tions  are  given  to  the  flight  crew,  and  all  other  precautions  are  taken 
to  ensure  a  safe  procedure. 

(4)  The  airplane’s  weight  at  the  point  where  the  two  engines 
are  assumed  to  fail  shall  be  considered  to  be  not  less  than  that  which 
would  include  sufficient  fuel  to  proceed  to  the  airport  and  to  arrive  there 
at  an  altitude  of  at  least  1,500  feet  directly  over  the  landing  area  and  there¬ 
after  to  fly  for  15  minutes  at  cruise  power  and/or  thrust. 

(5)  The  consumption  of  fuel  and  oil  after  the  engines  are 
assumed  to  fail  shall  be  that  which  is  accounted  for  in  the  net  flight 
path  data  shown  in  the  Airplane  Flight  Manual. 

40T.84  Landing  limitations.  ^ 

(a)  Airport  of  destination.  No  airplane  shall  be  taken  off  at 
a  weight  in  excess  of  that  which,  in  accordance  with  the  landing  distances 
shown  in  the  Airplane  Flight  Manual  fv^  the  elevation  of  the  airport  of 
intended  destination  and  for  the  wind  conditions  anticipated  there  at  the 
time  of  landing,  would  permit  the  airplane  to  be  brought  to  rest  at  the 
airport  of  intended  destination  within  60  percent  of  the  effective  length 
of  the  runway  from  a  point  50  feet  directly  above  the  intersection  of  the 
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obstruction  clearance  plane  and  the  runway.  The  weight  of  the  airplane 
shall  be  assumed  to  be  reduced  by  the  weight  of  the  fuel  and  oil  expected 
to  be  consumed  in  flight  to  the  airport  of  intended  destination.  Com¬ 
pliance  shall  be  shown  with  the  conditions  of  subparagraphs  (1)  and 
(2)  of  this  paragraph.  (See  secs.  4T.123(b)  and  4T.743(b).) 

(1)  It  shall  be  assumed  that  the  airplane  is  landed  on  the 
most  favorable  runway  and  direction  in  still  air. 

(2)  It  shall  be  assumed  that  the  airplane  is  landed  on  the 
most  suitable  runway  considering  the  probable  wind  velocity  and  di¬ 
rection  and  taking  due  account  of  the  ground  handling  characteristics 
of  the  airplane  and  of  other  conditions  (i.e.,  landing  aids,  terrain,  etc.). 
If  full  compliance  with  the  provisions  of  this  subparagraph  is  not  shown, 
the  airplane  may  be  taken  off  if  an  alternate  airport  is  designated  which 
permits  compliance  with  paragraph  (b)  of  this  section. 

(b)  Alternate  airport.  No  airport  shall  be  designated  as  an 
alternate  airport  in  a  dispatch  release  unless  the  airplane  at  the  weight 
anticipated  at  the  time  of  arrival  at  such  airport  can  comply  with  the 
provisions  of  paragraph  (a)  of  this  section,  provided  that  the  airplane 
can  be  brought  to  rest  within  70  percent  of  the  effective  length  of  the 
runway. 

4.  In  lieu  of  section  43.11  of  Part  43  of  the  Civil  Air  Regulations 
the  following  shall  be  applicable. 

43T.11  Transport  category  airplane  weight  limitations.  The 
performance  data  in  the  Airplane  Flight  Manual  shall  be  applied  in  de¬ 
termining  compliance  with  the  following  provisions: 

(a)  No  airplane  shall  be  taken  off  at  a  weight  which  exceeds 
the  takeoff  weight  specified  in  the  Airplane  Flight  Manual  for  the  ele¬ 
vation  of  the  airport  and  for  the  ambient  temperature  existing  at  the 
time  of  the  takeoff.  (See  secs.  4T.123(a)(l)  and  4T.743(a).) 

(b)  No  airplane  shall  be  taken  off  at  a  weight  such  that,  allow¬ 
ing  for  normal  consumption  of  fuel  and  oil  in  flight  to  the  airport  of 
destination  and  to  the  alternate  airports,  the  weight  on  arrival  will  ex¬ 
ceed  the  landing  weight  specified  in  the  Airplane  Flight  Manual  for  the 
elevation  of  each  of  the  airports  involved  and  for  the  ambient  tempera¬ 
tures  anticipated  at  the  time  of  landing.  (See  secs.  4T.123(a)(2)  and 
4T.743(a).) 

(c)  No  airplane  shall  be  taken  off  at  a  weight  which  exceeds 
the  weight  at  which,  in  accordance  with  the  minimum  distances  for  take¬ 
off  scheduled  in  the  Airplane  Flight  Manual,  compliance  with  subpara¬ 
graphs  (1)  through  (3)  of  this  paragraph  is  shown.  These  distances  shall 
correspond  with  the  elevation  of  the  airport,  the  runway  to  be  used,  the 
effective  runway  gradient,  and  the  ambient  temperature  and  wind  com¬ 
ponent  existing  at  the  time  of  takeoff.  (See  secs.  4T.123(a)(3)  and 
4T.734(a).) 

(1)  The  accelerate-stop  distance  shall  not  be  greater  than 
the  length  of  the  runway  plus  the  length  of  the  stopway  if  present. 

(2)  The  takeoff  distance  shall  not  be  greater  than  the  length 
of  the  runway  plus  the  length  of  the  clearway  if  present,  except  that 
the  length  of  the  clearway  shall  not  be  greater  than  one-half  of  the 
length  of  the  runway. 
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(3)  The  takeoff  run  shall  not  be  greater  than  the  length  of 

the  runway. 

(d)  No  airplane  shall  be  operated  outside  the  operational  limits 
specified  in  the  Airplane  Flight  Manual.  (See  secs.  4T.123(a)(4)  and 
4T.743(a).) 

5.  The  following  definitions  shall  apply: 

(a)  Clearway.  A  clearway  is  an  area  beyond  the  runway,  not 
less  than  500  feet  wide,  centrally  located  about  the  extended  center  line 
of  the  runway,  and  under  the  control  of  the  airport  authorities.  The 
clearway  is  expressed  in  terms  of  a  clearway  plane,  extending  from  the 
end  of  the  runway  with  an  upward  slope  not  exceeding  1.25  percent, 
above  which  no  object  nor  any  portion  of  the  terrain  protrudes,  except 
that  threshold  lights  may  protrude  above  the  plane  if  their  height  above 
the  end  of  the  runway  is  not  greater  than  26  inches  and  if  they  are 
located  to  each  side  of  the  runway. 

NOTE:  For  the  purpose  of  estsblishing  takeoff  distances  and  takeoff  runs,  in  accord¬ 
ance  with  section  4T.117  of  this  regulation,  the  clearway  plane  is  considered  to  be  the 
takeoff  surface. 

(b)  Stopway.  A  stopway  is  an  area  beyond  the  runway,  not 
less  in  width  than  the  width  of  the  runway,  centrally  located  about  the 
extended  center  line  of  the  runway,  and  designated  by  the  airport  au¬ 
thorities  for  use  in  decelerating  the  airplane  during  an  aborted  takeoff : 
To  be  considered  as  such,  a  stopway  must  be  capable  of  supporting  the 
airplane  during  an  aborted  takeoff  without  inducing  structural  damage 
to  the  airplane.  (See  also  sec.  4T.115(d)  of  this  rc  :  Jation.) 
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SPECIAL  CIVIL  AIR  REGULATIONS  NO.  SR-423 

Effective:  December  20,  1957 
Adopted;  November  15, 1957 

Type  Certification  of  Transport  Category  Airplanes  With  Turbo-Prop  Replacements 

The  airworthiness  requirements  with  which  a  particular  airplane  is 
required  to  comply  are  established  by  the  date  of  application  for  the  type 
certificate.  After  the  type  certificate  is  issued,  the  holder  of  the  type 
certificate  or  an  applicant  for  a  supplemental  type  certificate,  at  his 
option,  can  obtain  approval  of  changes  in  the  design  in  accordance  with 
requirements  in  effect  at  the  time  of  the  original  application  for  type 
certificate  or  in  accordance  with  later  requirements  in  effect  at  the  time 
of  the  change. 

Prior  to  May  18,  1954,  the  regulations  placed  no  specific  limit  on  the 
extent  of  changes  to  the  airplane  which  could  be  approved  in  this  manner 
nor  did  they  define  a  new  type  design  for  which  a  new  application  for 
type  certification  would  be  required.  Amendment  4b-l  effective  on  that 
date,  among  other  changes  in  Part  4b,  lists  certain  changes  in  design 
which  if  made  to  an  airplane  would  require  it  to  be  considered  as  a  new 
type.  In  such  a  case,  a  new  application  for  type  certification  would  be 
required  and  the  regulations,  together  with  all  amendments  thereto  effec* 
five  on  the  date  of  the  new  application,  would  have  to  be  complied  with 
(sec.  4b.ll(a)).  One  such  change  which  would  require  a  new  type  certifi¬ 
cate  is  a  change  to  engines  employing  different  priciples  of  operation  or 
propulsion  (sec  4b.ll  (e)(2)). 

Interest  has  been  shown  recently  within  the  aviation  industry  in  the 
installation  of  turbo-propeller  engines  on  airplanes  presently  equipped 
with  reciprocating  engines.  In  accordance  with  sec.  4b.ll  (e)(2)  such  a 
change  would  require  a  showing  of  compliance  with  the  latest  airworthi¬ 
ness  requirements  of  Part  4b.  The  Board  is  of  the  opinion  that  showing  of 
compliance  with  all  of  the  latest  requirements  might  be  burdensome, 
impractical,  and  not  essential  to  safety. 

This  Special  Civil  Air  Regulation  will  permit  the  certification  of  a 
turbo-propeller-powered  airplane,  which  previously  was  type  certificated 
with  the  same  number  of  reciprocating  engines,  if  compliance  is  shown 
with  the  airworthiness  provisions  applicable  to  the  airplane  as  type 
certificated  with  reciprocating  engine^  together  with  certain  later  provi¬ 
sions  of  the  Civil  Air  Regulations  in  effect  on  the  date  of  application  for 
a  supplemental  or  new  type  certificate  which  are  applicable  or  related  to 
the  powerplant  of  the  turbo-propeller-powered  version. 

In  order  to  insure  that  the  level  of  safety  of  the  turbine-powered  air¬ 
plane  is  equivalent  to  that  intended  by  Part  4b,  the  Board  considers  that 
compliance  must  be  shown  with  the  later  provisions  of  Part  4b  which 
apply  to  the  powerplant  installation,  airplane  performance,  and  cockpit 
standardization,  such  other  requirements  as  the  Administrator  finds  are 
otherwise  related  to  the  changes  made  in  the  engines. 
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Special  Civil  Air  Regulation  No.  SR-422  establishes  certain  certifica¬ 
tion  and  operational  requirements  for  all  turbine-powered  airplanes  for 
which  a  type  certificate  is  issued  after  the  effective  date  of  that  regulation. 
Except  as  otherwise  provided,  all  of  the  provisions  of  SR-422  remain 
applicable  to  airplanes  certificated  in  accordance  with  the  regulation 
prescribed  herein.  Therefore,  to  be  certificated  in  accordance  with  the 
regulation  prescribed  herein  compliance  must  be  shown  with  the  certifi¬ 
cation  performance  requirements  prescribed  in  paragraph  2  of  SR-422. 

It  must  be  emphasized  that  the  certification  performance  limitations 
established  by  the  performance  requirements;  i.e.,  the  take-off  weights, 
landing  weights,  take-off  and  accelerate-stop  distances,  and  the  operational 
limits,  become  part  of  the  airworthiness  certificate  and  must  be  complied 
with  at  all  times,  regardless  of  the  type  of  operations  conducted  with  the 
airplane.  (See  sec.  43.10,  as  amended,  of  Part  43  of  the  Civil  Air 
Regulations.) 

In  addition  to  certification  performance  limitations,  SR-422  pre¬ 
scribes  performance  operating  limitations  which  are  applicable  to  turbine- 
powered  transport  category  airplanes  when  used  in  air  carrier  passenger 
operations.  Since  turbo-propeller-powered  airplanes  certificated  in  ac¬ 
cordance  with  the  regulation  prescribed  herein  are  required  to  comply 
with  the  certification  performance  requirements  of  SR-422,  they  are  also 
subject  to  the  performance  operating  limitations  prescribed  in  paragraph 
3  of  SR-422  when  used  in  air  carrier  passenger  operations. 

Since  a  change  in  engines  will  require  a  rather  extensive  change  in 
the  cockpit  to  accommodate  the  new  instruments  and  controls  for  tur¬ 
bine  engines,  the  Board  considers  that  compliance  with  the  latest  cockpit 
standardization  requirements  can  be  accomplished  without  any  undue 
burden  and  such  compliance  would  speed  up  the  cockpit  standardization 
of  other  airplanes  in  an  airline’s  fleet  in  accordance  with  the  Board’s 
objectives.  Therefore,  this  regulation  makes  the  latest  cockpit  stand¬ 
ardization  requirements  applicable,  with  the  exception  of  such  detailed 
requirements  as  the  Administrator  finds  are  impracticable,  and  do  not 
contribute  materially  to  standardization.  It  should  be  noted  that  in  re¬ 
ferring  to  this  exception  in  the  preamble  to  Draft  Release  No.  56-29, 
the  use  of  the  conjunction  “or”  after  the  word  “impracticable”  was  in¬ 
advertent.  As  the  language  of  the  proposed  regulation  clearly  indicated, 
“and”  was  the  proper  conjunction  following  the  word  “impracticable.” 

The  Board  also  considers  it  appropriate  to  call  attention  to  the  fact 
that  if  other  changes  to  the  airplane  are  made  simultaneously  with, 
or  subsequent  to,  such  an  engine  change,  then  compliance  will  also  have 
to  be  shown  with  a'i  requirements  related  to  the  additional  changes  in 
effect  on  the  date  oi  the  new  application  for  a  supplemental  or  new  type 
certificate.  In  this  regard,  if  an  airplane  converted  to  turbo-propeller 
power  is  to  be  certificated  for  operation  at  altitudes,  speeds,  or  weights 
higher  than  those  which  are  applicable  to  the  reciprocating-engine-powered 
airplane,  compliance  will  be  required  with  all  the  latest  provisions  of  the 
regulations  which  are  related  to  such  changes. 

In  order  to  assure  that  all  airplanes  converted  to  turbo-propeller 
power  meet  the  minimum  requirements  considered  essential  to  safety, 
this  regulation  is  made  retroactive  and  requires  compliance  with  the  pro¬ 
visions  of  the  Civil  Air  Regulations  as  set  forth  herein  for  all  of  such 
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airplanes  for  which  application  for  a  supplemental  or  new  type  certificate 
was  made  prior  to  the  effective  date  of  this  regulation. 

This  Special  Civil  Air  Regulation  shall  continue  in  effect  for  5  years, 
at  the  end  of  which  time  the  effectiveness  of  the  regulation  will  be  eval¬ 
uated  for  the  purpose  of  considering  the  incorporation  of  the  substance 
of  these  rules  in  the  permanent  body  of  the  Civil  Air  Regulations. 

Interested  persons  have  been  afforded  an  opportunity  to  participate 
in  the  making  of  this  Special  Civil  Air  Regulation  (21  F.R.  9436),  and 
due  consideration  has  been  given  to  all  relevant  matter  presented. 

In  consideration  of  the  foregoing,  the  Civil  Aeronautics  Board  hereby 
makes  and  promulgates  the  following  Special  Civil  Air  Regulation  effec¬ 
tive  December  20,  1957. 

Contrary  provisions  of  section  4b.ll(a)  as  it  applies  to  section  4b.ll 
(e)(2)  of  Part  4b  of  the  Civil  Air  Regulations  and  paragraph  (1)  of 
Special  Civil  Air  Regulation  No.  SR-422  notwithstanding,  the  following 
provisions  shall  be  applicable  to  the  certification  of  a  turbo-propeller- 
powered  airplane  which  was  previously  type  certificated  with  the  same 
number  of  reciprocating  engines: 

(1)  The  airworthiness  regulations  applicable  to  the  airplane  as  type 
certificated  with  reciprocating  engines  and,  in  addition  thereto  or  in  lieu 
thereof  as  appropriate,  the  following  provisions  of  the  Civil  Air  Regu¬ 
lations  effective  on  the  date  of  application  for  a  supplemental  or  new 
type  certificate  (see  paragraph  (3)): 

(a)  The  certification  performance  requirements  prescribed  in 
Special  Civil  Air  Regulation  No.  SR-422; 

(b)  The  powerplant  installation  requirements  of  Part  4b  ap¬ 
plicable  to  the  turbo-propeller-powered  airplane; 

(c)  The  requirements  of  Part  4b  for  the  standardization  of 
cockpit  controls  and  instruments,  except  where  the  Administrator  finds 
that  showing  of  compliance  with  a  particular  detailed  requirement  would 
be  impractical  and  would  not  contribute  materially  to  standardization; 
and 

(d)  Such  other  requirements  of  Part  4b  applicable  to  the  turbo¬ 
propeller-powered  airplane  as  the  Administrator  finds  are  related  to  the 
changes  in  engines  and  are  necessary  to  insure  a  level  of  safety  of  the 
turbo-propeller-powered  airplane  equivalent  to  that  generally  intended 
by  Part  4b. 

(2)  If  new  limitations  are  established  with  respect  to  weight,  speed, 
or  altitude  of  operation  and  the  Administrator  finds  that  such  limita¬ 
tions  are  significantly  altered  from  those  approved  for  the  airplane  with 
reciprocating  engines,  compliance  shall  be  shown  with  all  of  the  require¬ 
ments,  applicable  to  the  specific  limitations  being  changed,  which  are 
in  effect  on  the  date  of  application  for  the  new  or  supplemental  type 
certificate. 

(3)  Airplanes  converted  to  turbo-propeller  power,  for  which  appli¬ 
cation  for  a  supplemental  or  a  new  type  certificate  was  made  prior  to 
the  effective  date  of  this  Special  Civil  Air  Regulation,  shall  comply  with 
all  of  the  provisions  of  the  Civil  Air  Regulations  specified  in  paragraphs 
(1)  and  (2)  effective  on  the  date  of  this  special  regulation,  rather  than 
those  provisions  effective  on  the  date  application  was  made  for  the  sup¬ 
plemental  or  the  new  type  certificate. 

This  Special  Civil  Air  Regulation  shall  terminate  December  20,  1962 
unless  sooner  superseded  or  rescinded  by  the  Board. 
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SPECIAL  CIVIL  AIR  REGULATION  NO.  425C 

Effective:  June  6,  1961 
Adopted:  May  31,  1961 
Published:  June  6,  1961 
(26  F.R.  4990) 

Provisional  Certification  and  Operation  of  Aircraft 

Special  Civil  Air  Regulation  No.  SR-425A  was  adopted  on  July  22, 
1958,  to  provide  for  provisional  certification  of  turbine-powered  transport 
category  airplanes  in  order  to  permit  certain  air  carriers  and  manufac¬ 
turers  to  conduct  crew  training,  service  testing,  and  simulated  air  carrier 
t^rations  prior  to  introduction  of  the  airplanes  into  commercial  service. 
The  objective  of  this  regulation  was  to  provide  a  means  whereby  the  air 
carriers  and  manufacturers  could  obtain  as  much  experience  as  possible 
with  turbine-powered  airplanes  which,  although  safe  for  flight,  had  not 
been  approved  for  the  issuance  of  a  type  certificate. 

Spe^l  Civil  Air  Regulation  No.  SR-425B,  which  superseded 
SR'-425A,  was  adopted  on  April  7,  1960,  to  extend  the  application  of  the 
regulation  to:  (1)  piston-engine  transport  category  aircraft,  including 
rotorcraft;  and  (2)  personal  and  executive  type  aircraft,  including 
rotorcraft,  irrespective  of  powerplant  type.  In  addition,  this  regulation 
permitted  operations  such  as  sales  demonstrations  and  market  surveys 
with  aircraft  having  a  provisional  type  and  airworthiness  certificate. 

To  accomplish  this,  SR-425B  provided  for,  among  other  things,  the 
issuance  of  two  classes  of  provisional  type  and  airworthiness  certificates. 
Class  I  provisional  and  airworthiness  certificates  could  be  issued  for  all 
types  of  aircraft  for  operation  by  the  aircraft  manufacturer.  Class  II 
provisional  type  and  airworthiness  certificates  could  be  issued  only  for 
transport  eatery  aircraft,  but  these  aircraft  could  be  operated  by 
either  the  aircraft  manufacturer  or  a  certificated  air  carrier.  In  gen¬ 
eral,  the  requirements  for  the  issuance  of  Class  I  provisional  certificates 
were  less  stringent,  and  the  operating  limitations  less  confining,  than 
those  for  the  issuance  of  Class  II  provisional  certificates. 

Under  the  provisions  of  SR^25B,  however,  eligibility  to  apply  for 
Class  I  provisional  certificates  was  limited  to  aircraft  manufacturers. 
A  recommeifdation  that  this  eligibility  be  extended  to  include  engine 
nuuiufacturers  had  been  evaluated  by  the  Agency  prior  to  the  adoption 
of  SR-425B,  but  rule  making  action  on  such  extension  was  deferred  until 
additional  experience  with  provisional  certification  could  be  acquired. 

Experience  accumulated  since  the  adoption  of  SR-425B  has  indicated 
that  it  would  be  practicable  for  engine  manufacturers,  who  have  altered 
a  type  certificated  aircraft  by  installing  type  certificated  engines  of  their 
own  manufacture  in  place  of  the  original  engines,  to  show  compliance 
with  the  currently  effective  requirements  for  issuance  of  Class  I  provi¬ 
sional  tjrpe  and  provisional  airworthiness  certificates;  and  that  compli¬ 
ance  with  these  requirements  will  insure  safe  operation  of  provisionally 
certificated  aircraft  by  such  engine  manufacturers.  Further,  the  Agency 
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believes  that  operations  conducted  by  engine  manufacturers  under  the 
terms  of  Class  I  provisional  certificates,  for  the  purpose  of  sales  demon¬ 
strations,  market  surveys,  and  other  similar  activities  related  to  the  sale 
of  their  engines,  would  contribute  to  the  promotion  and  development 
of  civil  aeronautics  in  the  United  States. 

SR-425B  is  therefore  being  superseded  by  SR-425C  to  permit  certain 
engine  manufacturers  to  apply  for  Class  I  provisional  type  and  provi¬ 
sional  airworthiness  certificates  if  they  have  applied  for  the  issuance  of 
a  supplemental  type  certificate. 

Since  this  is  a  superseding  regulation  which  relieves  restrictions  and 
imposes  no  additional  burden  on  any  person,  notice  and  public  procedures 
hereon  are  unnecessary,  and  this  regulation  may  be  made  effective  on  less 
than  30  days'  notice. 

In  consideration  of  the  foregoing,  the  following  Special  Civil  Air 
Regulation  is  adopted  to  become  effective  June  6,  1961: 

GENERAL 

1.  Applicability.  Contrary  provisions  of  the  Civil  Air  Regulations 
notwithstanding,  provisional  t}rpe  and  airworthiness  certificates,  amend¬ 
ments  to  provisional  type  certificates,  and  provisional  amendments  to 
type  certificates,  will  be  issued  as  prescribed  in  this  regulation  to  a 
manufacturer  or  an  air  carrier.  As  used  in  this  regulation,  a  manufac¬ 
turer  shall  mean  only  a  manufacturer  who  is  a  citizen  of  the  United 
States;  and  the  term  air  carrier  shall  not  include  an  air  taxi  operator. 

2.  EliyibUUy. 

(a)  A  manufacturer  of  aircraft  manufactured  by  him  within 
the  United  States  may  apply  for  Class  I  or  Class  II  provisional  t}^e 
and  provisional  airworthiness  certificates,  for  amendments  to  provi¬ 
sional  type  certificates  held  by  him,  and  for  provisional  amendments  to 
type  certificates  held  by  him. 

(b)  An  air  carrier  holding  an  air  carrier  operating  certificate 
authorizing  him  to  conduct  operations  under  Parts  40,  41,  42,  or  46  of 
the  Civil  Air  Regulations  may  apply  for  Class  II  provisional  airworthi¬ 
ness  certificates  for  transport  category  aircraft  which  meet  the  condi¬ 
tions  of  either  subparagraphs  (1)  or  (2)  of  this  paragraph. 

(1)  The  aircraft  has  a  currently  valid  Class  II  provisional 
type  certificate  or  an  amendment  thereto; 

(2)  The  aircraft  has  a  currently  valid  provisional  amendment 
to  a  type  certificate  which  was  preceded  by  a  corresponding  Class  II 
provisional  type  certificate. 

(c)  An  engine  manufacturer  who  has  altered  a  type  certifi¬ 
cated  airen^t  by  installing  different  type  certificated  engines,  manufac¬ 
tured  by  him  within  the  United  States,  in  place  of  the  original  engines, 
may  apply  for  Class  I  provisional  type  and  provisional  airworthiness 
certificates  for  such  aircraft,  and  for  amendments  to  Class  I  provisional 
type  certificates  held  by  him,  if  the  basic  aircraft,  before  alteration  was 
type  certificated  in  the  normal,  utility,  acrobatic,  or  transport  category. 

3.  Application, 

(a)  Genercd.  Applications  tor  provisional  type  and  airworthi¬ 
ness  certificates,  for  amendments  to  provisional  type  certificates,  and  for 
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provisioiial  amendments  to  type  certificates,  shall  be  submitted  to  the 
Chief,  Flight  Standards  Division,  FA  A,  of  the  Regional  OflSce  in  which 
the  manufacturer  or  air  carrier  is  located  and  shall  be  accompanied  by 
the  pertinent  information  specified  in  this  regulation. 

4.  Duration,  Unless  sooner  surrendered,  superseded,  revoked,  or 
otherwise  terminated,  certificates  and  amendments  thereto,  shall  have 
periods  of  duration  in  accordance  with  paragraphs  (a)  through  (f)  of 
this  section. 

(a)  A  Class  I  provisional  type  certificate  shall  remain  in  effect 
for  24  months  after  the  date  of  its  issuance  or  until  the  date  of  issuance 
of  the  corresponding  type  or  supplemental  type  certificate,  whichever 
occurs  first. 

(b)  A  Class  I  provisional  type  certificate  shall  expire  immedi¬ 
ately  upon  issuance  of  a  Class  II  provisional  type  certificate  for  aircraft 
of  the  same  type  design. 

(c)  A  Class  II  provisional  type  certificate  shall  remain  in 
effect  for  6  months  after  the  date  of  its  issuance  or  60  days  after  the 
date  of  issuance  of  the  corresponding  type  certificate,  whichever  occurs 
first. 

(d)  An  amendment  to  a  Class  I  or  a  Class  II  provisional  type 
certificate  shall  remain  in  effect  for  the  duration  of  the  corresponding 
provisional  type  certificate. 

(e)  A  provisional  amendment  to  a  type  certificate  shall  remain 
in  effect  for  6  months  after  its  approval  or  until  the  amendment  to  the 
type  certificate  is  approved,  whichever  occurs  first. 

(f)  Provisional  airworthiness  certificates  shall  remain  in 
effect  for  the  duration  of  the  corresponding  provisional  type  certificate, 
amendment  to  a  provisional  type  certificate,  or  a  provisional  amendment 
to  the  type  certificate. 

5.  Transferability  of  certificates.  Certificates  issued  pursuant  to 
this  regulation  are  not  transferable  except  that  a  Class  II  provisional 
airworthiness  certificate  may  be  transferred  to  an  air  carrier  eligible  to 
apply  for  such  certificate  under  section  2  of  this  regulation. 

6.  Display  of  certificates  and  markings.  A  provisional  airworthi¬ 
ness  certificate  shall  be  prominently  displayed  in  the  aircraft  for  which 
it  is  issued.  The  words  ^^Provisional  Airworthiness”  shall  be  painted  in 
letters  not  less  than  2  inches  high  on  the  exterior  of  such  aircraft  adja¬ 
cent  to  each  entrance  to  the  cabin  and  cockpit  of  the  aircraft. 

REQUIREMENTS  FOR  ISSUANCE 

7.  Class  t  provisional  type  certificates.  A  Class  I  provisional 
type  certificate  and  amendments  thereto  will  be  issued  for  a  particular 
type  design  when  the  eligible  aircraft  or  engine  manufacturer  shows 
compliance  with  the  provisions  of  paragraphs  (a)  through  (f)  of  this 
section,  and  an  authorized  representative  of  the  Administrator  finds,  on 
the  basis  of  information  submitted  to  him  by  the  manufacturer  in  com¬ 
pliance  with  the  provisions  of  this  section  and  of  other  relevant  infor¬ 
mation,  that  there  is  no  feature,  characteristic,  or  condition  which  would 
render  the  aircraft  unsafe  when  operated  in  accordance  with  the  limita¬ 
tions  established  in  paragraph  (d)  of  this  section  and  in  section  13  of 
this  r^^lation. 
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(a)  The  manufactiircr  has  applied  for  the  iasnance  of  a  type 
or  san^leamital  type  certUlcate  for  the  aircraft. 

(h)  Hm  BMurnfactorer  certifies  that  the  aircraft  has  aiet  the 
proTtaioBS  of  sabparacraphs  (1)  through  (3)  of  this  paragraph. 

(1)  The  aircraft  has  been  designed  and  constructed  in 
accordance  with  the  airworthiness  requirements  applicable  to  the  issu¬ 
ance  of  the  type  or  supplemental  type  certificate  for  the  aircraft; 

(2)  The  aircraft  substantially  complies  with  the  applicable 
flight  characteristics  requirements  for  the  type  or  supplemental  type 
certificate; 

(3)  The  aircraft  can  be  operated  safely  under  the  appropri¬ 
ate  operating  limitations  specified  in  this  regulation. 

(c)  The  manufacturer  has  submitted  a  report  showing  that  the 
aircraft  had  been  flown  in  all  maneurers  necessary  to  show  compliance 
with  the  flight  requirements  for  the  issuance  of  the  type  or  supplemental 
type  certificate  and  to  establish  that  the  aircraft  can  be  operated  safely 
in  accordance  with  the  limitations  specified  in  this  r^^nlation. 

(d)  The  manufacturer  has  established  limitations  with  respect 
to  weights,  speeds,  flight  maneuTers,  loading,  operation  of  controls  and 
equipsmit,  and  all  other  relevant  factors.  The  limitations  shall  include 
all  the  iWtations  required  for  the  issuance  of  a  type  or  supplemental 
type  certificate  for  the  aircraft:  Provided,  That,  where  such  limitations 
have  not  been  established,  appropriate  restrictions  on  the  operation  of 
the  aircraft  shall  be  established. 

(e)  The  manufacturer  has  established  an  inspection  and  main- 
tttiance  program  for  the  continued  airworthiness  of  the  aircraft. 

(f)  A  prototype  aircraft  has  been  flown  by  the  manufacturer 
for  at  least  50  hours  pursuant  to  the  authority  of  an  experimental  cer¬ 
tificate  issued  under  Part  1  of  the  Civil  Air  Regulations  or  under  the 
auq^ices  of  a  United  States  military  service:  Provided,  That  the  number 
of  flif^t  hours  may  be  reduced  by  the  authorized  representative  of  the 
Adsdnistrator  in  the  ease  of  an  amendment  to  a  provisional  type 
certificate. 

8.  Class  I  provUimud  airworthineee  eerUtteatee.  Except  as  pro¬ 
vided  in  section  12  of  this  regulation,  a  C^ass  I  provisional  airworthiness 
certificate  will  be  issued  for  an  aircraft,  ror  which  a  Class  I  provisional 
type  certificate  is  in  effect,  when  the  eligible  aircraft  or  engine  nuuiufac- 
turer  shows  compliance  with  the  -provisions  of  paragraphs  (a)  through 
(d)  of  this  section,  and  an  authorized  representative  of  the  AdmUiistrator 
finds  that  there  ^  no  feature,  characteristic,  or  condition  of  the  aircraft 
which  would  renaer  the  aircraft  unsafe  when  operated  in  accordance  with 
the  limitations  established  in  sections  7(d)  and  13  of  this  r^nilfttion. 

(a)  The  manufacturer  is  the  holder  of  the  provisional  type 
certificate  for  the  aircraft. 

(b)  The  manufacturer  submits  a  statement  that  the  aircraft 
cmiforms  to  the  type  design  correqwnding  with  the  provisional  type 
cortifleate  and  has  been  found  by  him  to  be  in  safe  operating  condition 
mndm  ttm  an^licable  limitations. 

(c)  The  aircraft  has  been  flown  at  least  5  hours  by  the  manu- 

tectnrer. 
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(d)  The  aircraft  has  been  supplied  witi.  a  provisional  aircraft 
flight  manual  or  other  document  and  appropriate  placards  containing 
the  limitations  required  by  sections  7(d)  and  13  of  this  regulation. 

9.  Cla$»  11  provMonal  type  certiAcatee,  A  Class  II  provisional 
type  certificate  and  amendments  thereto  will  be  issued  for  a  particular 
transport  category  type  design  when  the  manufacturer  of  the  aircraft 
shows  compliance  with  the  provisions  of  paragraphs  (a)  through  (h)  of 
this  section,  and  an  authorized  representative  of  the  Administrator 
finds,  on  the  basis  of  information  submitted  to  him  by  the  manufacturer 
in  compliance  with  the  provisions  of  this  section  and  of  other  relevant 
information,  that  there  is  no  feature,  characteristic,  or  condition  which 
would  render  the  aircraft  unsafe  when  operated  in  accordance  with  the 
limitations  established  in  paragraph  (f )  of  this  section  and  in  sections  13 
and  14  of  this  regulation. 

(a)  The  manufacturer  has  applied  for  the  issuance  of  a  trans¬ 
port  category  type  certificate  for  the  aircraft. 

(b)  The  manufacturer  holds  a  type  certificate  and  a  currently 
effective  production  certificate  for  at  least  one  other  aircraft  in  the 
same  transport  category  as  the  subject  aircraft. 

(c)  The  Agency’s  official  flight  test  program  with  respect  to 
the  issuance  of  a  type  certificate  for  the  aircraft  is  in  progress. 

(d)  The  manufacturer  certifies  that  the  aircraft  has  met  the 
provisions  of  subparagraphs  (1)  through  (3)  of  this  paragraph. 

(1)  The  aircraft  has  been  designed  and  constructed  in 
accordance  with  the  airworthiness  requirements  applicable  to  the  issu¬ 
ance  of  the  type  certr.cai.e  for  the  aircraft; 

(2)  The  aircraft  substantially  complies  with  the  applicable 
flight  characteristics  requirements  for  the  t3i»e  certificate; 

<3)  The  aircraft  can  be  operated  safely  under  the  appropri¬ 
ate  operating  limitations  specified  in  this  regulation. 

(e)  The  manufacturer  has  submitted  a  report  showing  that  the 
aircraft  had  been  flown  in  all  maneuvers  necessary  to  show  compliance 
with  the  flight  requirements  for  the  issuance  of  the  type  certificate  and 
to  establish  that  the  aircraft  can  be  operated  safely  in  accordance  with 
the  limitations  specified  in  this  regulation. 

(f )  The  manufacturer '  has  prepared  a  provisional  aircraft 
flight  manual  which  includes  limitations  with  respect  to  weights,  speeds, 
flight  maneuvers,  loading,  operation  of  controls  and  equipment,  and  all 
other  relevant  factors.  The  limitations  shall  include  all  the  limita¬ 
tions  required  for  the  issuance  of  a  type  certificate  for  the  aircraft: 
PrmMed,  That,  where  such  limitations  have  not  been  established,  the 
provisional  flight  manual  shall  contain  appropriate  restrictions  on  the 
operation  of  the  aircraft. 

(g)  The  manufacturer  has  established  an  inspection  and  main¬ 
tenance  program  for  the  continued  airworthiness  of  the  aircraft. 

(h)  A  prototype  aircraft  has  been  flown  by  the  manufacturer 
for  at  least  100  hours  pursuant  to  the  authority  of  either  an  experimental 
certificate  issued  under  Part  1  of  the  Civil  Air  Regulations  or  a  Class  I 
provisional  airworthiness  certificate:  Provided,  That  the  number  of  flight 
hours  may  be  reduced  by  the  authorized  representative  of  the  Adminis¬ 
trator  in  the  case  of  an  amendment  to  a  provisional  tjrpe  certificate. 
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10.  ClOM  //  protAaional  airworthine$s  certiiieatea.  Except  as  pro- 
▼ided  in  section  12  of  this  regulation,  a  Class  II  provisional  airworthi¬ 
ness  certificate  will  be  issued  for  an  aircraft,  for  which  a  Class  II  provi¬ 
sional  type  certificate  is  in  effect,  when  the  applicant  shows  compliance 
with  the  provisions  of  paragraphs  (a)  through  (e)  of  this  section,  and 
an  authorized  representative  of  the  Administrator  finds  that  there  is  no 
feature,  characteristic,  or  condition  of  the  aircraft  which  would  render 
the  aircraft  unsafe  when  operated  in  accordance  with  the  limitations 
established  in  sections  9(f),  13,  and  14  of  this  regulation. 

(a)  The  applicant  submits  evidence  that  a  Class  II  provisional 
type  certificate  for  the  aircraft  has  been  issued  to  the  manufacturer. 

(b)  The  applicant  submits  a  statement  by  the  manufacturer 
that  the  aircraft  has  been  manufactured  under  a  quality  control  system 
adequate  to  insure  that  the  aircraft  conforms  to  the  tsrpe  design  corre¬ 
sponding  with  the  provisional  type  certificate. 

(c)  The  applicant  submits  a  statement  that  the  aircraft  has 
been  found  by  him  to  be  in  a  safe  operating  condition  under  the  appli¬ 
cable  limitations. 

(d)  The  applicant  submits  a  statement  that  the  aircraft  has 
been  fiown  at  least  5  hours  by  the  manufacturer. 

(e)  The  aircraft  has  been  supplied  with  a  provisional  aircraft 
fiight  manual  containing  the  limitations  required  by  sections  9(f),  13, 
and  14  of  this  regulation. 

11.  Provisional  amendments  to  type  certificate.  A  provisional 
amendment  to  a  tjrpe  certificate  will  be  approved  when  the  manufacturer 
of  the  type  certificated  aircraft  shows  compliance  with  the  provisions  of 
paragraphs  (a)  through  (g)  of  this  section,  and  an  authorized  represen¬ 
tative  of  the  Administrator  finds,  on  the  basis  of  information  submitted 
to  him  by  the  manufacturer  in  compliance  with  the  provisions  of  this 
section  and  of  other  relevant  information,  that  there  is  no  feature, 
characteristic,  or  condition  which  would  render  the  aircraft  unsafe  when 
operated  in  accordance  with  the  limitations  established  in  paragraph  (e) 
of  this  section,  and  section  13  and,  if  applicable,  section  14  of  this  regu¬ 
lation. 

(a)  The  manufacturer  has  applied  for  an  amendment  to  the 
type  certificate. 

(b)  The  Agency’s  official  flight  test  program  with  respect  to 
the  amendment  of  the  type  certificate  is  in  progress. 

(c)  The  manufacturer  certifies  that  the  aircraft  has  met  the 
provisions  of  subparagraphs  (1)  through  (3)  of  this  paragraph. 

(1)  The  modification  involved  in  the  amendment  to  the  tsrpe 
certificate  has  been  designed  and  constructed  in  accordance  with  the 
airworthiness  requirements  applicable  to  the  issuance  of  the  type  certifi¬ 
cate  for  the  aircraft ; 

(2)  The  aircraft  substantially  complies  with  the  applicable 
flight  characteristics  requirements  for  the  type  certificate ; 

(3)  The  aircraft  can  be  operated  safely  under  the  appropri¬ 
ate  operating  limitations  specified  in  this  regulation. 

(d)  The  manufacturer  has  submitted  a  report  showing  that 
the  aircraft  incorporating  the  modifications  involved  had  been  flown  in 
all  maneuvers  necessary  to  show  compliance  with  the  flight  require- 
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ments  applicable  to  these  modifications  and  to  establish  that  the  aircraft 
can  be  operated  safely  in  accordance  with  the  limitations  specified  in 
this  regulation. 

(e)  The  manufacturer  has  established,  in  a  provisional  aircraft 
flight  manual  or  other  document  and  appropriate  placards,  limitations 
with  respect  to  weights,  speeds,  flight  maneuvers,  loading,  operation  of 
controls  and  equipment,  and  all  other  relevant  factors.  The  limitations 
shall  include  all  the  limitations  required  for  the  issuance  of  a  type  cer¬ 
tificate  for  the  aircraft :  Provided,  That,  where  such  limitations  have  not 
been  established,  appropriate  restrictions  on  the  operation  of  the  air¬ 
craft  shall  be  established. 

(f )  The  manufacturer  has  established  an  inspection  and  main¬ 
tenance  program  for  the  continued  airworthiness  of  the  aircraft. 

(g)  An  aircraft  modified  in  accordance  with  the  correspond¬ 
ing  amendment  to  the  type  certificate  has  been  flown  by  the  manufac¬ 
turer  for  the  number  of  hours  found  necessary  by  the  authorized  repre¬ 
sentative  of  the  Administrator,  such  flights  having  been  conducted  pur¬ 
suant  to  the  authority  of  an  experimental  certificate  issued  under  Part  1 
of  the  Civil  Air  Regulations. 

12.  ProviaiontU  airworthineaa  eertiAcatea  correaponding  with  pro- 
vMonal  amendment  to  type  certificate.  A  Class  I  or  a  Class  II  provi¬ 
sional  airworthiness  certificate,  as  specified  in  section  2  of  this  regulation, 
will  be  issued  for  an  aircraft,  for  which  a  provisional  amendment  to 
the  type  certificate  has  been  issued,  when  the  applicant  shows  compliance 
with  the  provisions  of  paragraphs  (a)  through  (e)  of  this  section,  and 
an  authorized  representative  of  the  Administrator  finds  that  there  is  no 
feature,  characteristic,  or  condition  of  the  aircraft,  as  modified  in  accord¬ 
ance  with  the  provisionally  amended  type  certificate,  which  would  render 
the  aircraft  unsafe  when  operated  in  accordance  with  the  limitations 
established  in  sections  11(e)  and  13  and,  if  applicable,  section  14  of  this 
r^fulation. 

(a)  The  applicant  submits  evidence  that  approval  has  been 
obtained  for  the  relevant  provisional  amendment  to  the  type  certificate 
for  the  aircraft. 

(b)  The  applicant  submits  evidence  that  the  modification  to 
the  aircraft  was  accomplished  under  a  quality  control  system  adequate 
to  insure  that  the  modification  conforms  to  the  provisionally  amended 
type  certificate. 

(c)  The  applicant  submits  a  statement  that  the  aircraft  has 
been  found  by  him  to  be  in  a  safe  operating  condition  under  the  appli¬ 
cable  limitations. 

(d)  The  applicant  submits  a  statement  that  the  aircraft  has 
been  flown  at  least  5  hours  by  the  manufacturer. 

(e)  The  aircraft  has  been  supplied  with  a  provisional  aircraft 
flight  manual  or  other  document  and  appropriate  placards  containing 
the  limitations  required  by  sections  11(e)  and  13  and,  if  applicable, 
section  14  of  this  r^^ulation. 

OPERATING  LIMITATIONS 

13.  Operation  of  proviaionally  certiAeated  aircraft.  An  aircraft 
for  which  a  provisional  airworthiness  certificate  has  been  issued  shall 


SR^25C 


321 


04MS9O— 62 - 22 


SR-425C 


APPENDIX  G 


CAM  4b 


be  operated  only  by  a  person  eligible  to  apply  for  a  provisional  airworthi¬ 
ness  certificate  in  accordance  with  section  2  of  thte  regulation.  Opera¬ 
tions  shall  be  in  compliance  with  paragraphs  (a)  through  (j)  of  this 
section. 

(a)  The  aircraft  shall  not  be  operated  in  air  transportation 
unless  so  authorized  in  a  particular  case  by  the  Director,  Bureau  of 
Flight  Standards. 

(b)  Operations  shall  be  restricted  to  the  United  States,  its 
Territories  and  possessions. 

(c)  The  aircraft  shall  be  limited  to  the  types  of  operations 
listed  in  subparagraphs  (1)  through  (7)  of  this  paragraph. 

(1)  Flights  conducted  by  the  aircraft  or  engine  manufac¬ 
turer  in  direct  conjunction  with  the  type  or  supplemental  type  certifica¬ 
tion  of  the  aircraft ; 

(2)  Training  of  flight  crews,  including  simulated  air  carrier 

operations; 

(3)  Demonstration  flights  conducted  by  the  manufacturer 
for  prospective  purchasers; 

(4)  Market  surveys  by  the  manufacturer; 

(5)  Flight  checking  of  instruments,  accessories,  and  equip¬ 
ment,  the  functioning  of  which  does  not  adversely  affect  the  basic  air¬ 
worthiness  of  the  aircraft ; 

(6)  Service  testing  of  the  aircraft ; 

(7)  Such  additional  operations  as  may  be  specifically  author¬ 
ized  by  the  authorized  representative  of  the  Administrator. 

(d)  All  operations  shall  be  conducted  within  the  prescribed 
limitations  displayed  in  the  aircraft  or  set  forth  in  the  provisional  air¬ 
craft  flight  manual  or  other  document  containing  the  limitations  for  the 
safe  operation  of  the  aircraft:  Provided,  That  operations  conducted  in 
direct  conjunction  with  the  type  or  supplemental  type  certification  of 
the  aircraft  shall  be  subject  to  the  experimental  aircraft  limitations  of 
section  1.74  of  Part  1  of  the  Civil  Air  Regulations,  and  all  "flight  tests” 
as  defined  in  section  60.60  of  the  Civil  Air  Regulations  shall  be  conducted 
in  accordance  with  the  requirements  of  section  60.24  of  that  part. 

(e)  The  operator  shall  establish  procedures  for  the  use  and 
guidance  of  flight  and  ground  personnel  in  the  conduct  of  operations 
under  this  section.  Specific  procedures  shall  be  established  for  opera¬ 
tions  from  and  into  airports  where  the  runways  require  takeoffs  or 
approaches  over  populated  areas.  All  procedures  shall  be  approved  by 
an  authorized  representative  of  the  Administrator.  All  operations  shall 
be  conducted  in  accordance  with  such  approved  procedures. 

(f)  The  operator  shall  insure  that  each  flight  crewmember  is 
properly  certificated  and  possesses  adequate  knowledge  of,  and  familiar¬ 
ity  witl^  the  aircraft  and  the  procedures  to  be  used  by  him. 

(g)  The  aircraft  shall  be  maintained  in  accordance  with  appli¬ 
cable  Civil  Air  Regulations,  with  the  inspection  and  maintenance  program 
established  in  accordance  with  this  regulation,  and  with  any  special 
inspections  and  maintenance  conditions  prescribed  by  an  authorized 
representative  of  the  Administrator. 

(h)  No  aircraft  shall  be  operated  under  authority  of  a  provi¬ 
sional  airworthiness  certificate  if  the  manufacturer  or  the  authorized 


322 


CAM  4b 


APPENDIX  G 


SR-i25C 


I 


nprcsentative  of  th«  Administrator  determines  that  a  change  in  design, 
construction,  or  operation  is  necessary  to  insure  safe  operation,  until 
such  change  is  made  and  approved  by  the  authorized  representative  of 
the  Administrator.  Section  \2A  of  Part  1  of  the  Civil  Air  Regulations 
shall  be  applicable  to  operations  under  this  section. 

(i)  Only  those  persons  who  have  a  bona  fide  interest  in  the 
operations  permitted  under  this  section  or  who  are  specifically  author- 
iMd  by  both  the  manufacturer  and  the  authorized  representative  of  the 
Administrator  may  be  carried  in  provisionally  certificated  aircraft: 
Provided,  That  they  have  been  advised  by  the  operator  of  the  provisional 
certification  status  of  the  aircraft. 

(j)  The  authorized  representative  of  the  Administrator  may 
prescribe  such  additional  limitations  or  procedures  as  he  finds  necessary. 
This  shall  include  limitations  on  the  number  of  persons  who  may  be 
carried  aboard  the  aircraft 

14.  Additional  limitatione  to  operations  by  air  carriers.  In  addi¬ 
tion  to  the  limitations  in  section  13  of  this  regulation,  operations  by  air 
carriers  shall  be  subject  to  the  provisions  of  paragraphs  (a)  through  (d) 
of  this  section. 

(a)  In  addition  to  crewmembers,  the  aircraft  may  carry  only 
these  persons  who  are  listed  in  section  40.356(c)  of  Part  40  of  the  Civil 
Air  Regulations  or  who  are  specifically  authorized  by  both  the  air  car¬ 
rier  &nd  the  authorized  representative  of  the  Administrator. 

(b)  The  air  carrier  shall  maintain  current  records  for  each 
flight  crewmember.  These  records  shall  include  such  information  as  is 
necessary  to  show  that  each  flight  crewmember  is  properly  trained  and 
qualified  to  perform  his  assigned  duties. 

(c)  The  appropriate  instructor,  supervisor,  or  check  airman 
shall  certify  to  the  proficiency  of  each  flight  crewmember  and  such  cer¬ 
tification  shall  become  a  part  of  the  flight  crewmember’s  record. 

(d)  A  log  of  all  flights  conducted  under  this  regulation,  and 
accurate  and  complete  records  of  inspections  made  and  maintenance 
accomplished,  shall  be  kept  by  the  air  carrier  and  made  available  to  the 
manufacturer  and  to  an  authorized  representative  of  the  Administrator. 

15.  Other  operations.  The  Director,  Bureau  of  Flight  Standards, 
may  credit  toward  the  aircraft  proving  test  requirements  of  the  appli¬ 
cable  air  carrier  regulations  such  operations  conducted  pursuant  to  this 
special  regulation  as  he  finds  have  met  the  applicable  aircraft  proving 
test  requirements:  Provided,  That  he  also  finds  that  there  is  no  signifi¬ 
cant  difference  between  the  provisionally  certificated  aircraft  and  the  air¬ 
craft  for  which  application  is  made  for  operation  pursuant  to  an  air 
carrier  operating  certificate. 

CERTIFICATES  ISSUED  UNDER  SR-425A  AND  SR-425B 

16.  Duration,  Currently  valid  provisional  type  and  airworthiness 
certificates  issued  in  accordance  with  Special  Civil  Air  Regulations  Nos. 
SR"425A  and  SR-425B  shall  remain  in  effect  for  the  durations  and 
under  the  conditions  prescribed  in  those  regulations. 

This  special  regulation  supersedes  Special  Civil  Air  Regulation 
No.  SR-425B  and  shall  terminate  on  June  30,  1963,  unless  sooner  super¬ 
seded,  rescinded,  or  otherwise  terminated. 
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Effective:  October  27,  1958 
Adopted:  September  22,  1958 

Performance  Credit  for  Transport  Category  Airplanes  Equipped  with  Standby  Power 

Standby  power  is  power  and/or  thrust  obtained  frtmi  rocket  engines 
and  is  separate  from  the  power  obtained  from  the  airplane’s  main  en¬ 
gines.  Such  power  and/or  thrust  is  available  for  a  relatively  short  period 
for  use  in  cases  of  emergency.  The  standby  power  system  may  be  capable 
of  producing  more  than  a  single  thrust  period.  This  special  regulation 
authoriases  the  Administrator  to  grant  performance  credit  to  transport 
category  airplanes  when  standby  power  is  used  in  one  or  more  of  the 
following  regimes  of  flight :  Takeoff  with  one  engine  inoperative,  approach 
climb  with  one  engine  inoperative,  and  the  balked  landing  climb.  By 
’^rformance  credit”  is  meant  the  taking  into  account  the  increased  per¬ 
formance  of  the  airplane  with  standby  power  and,  because  thereof,  the 
approval  of  higher  maximum  weights  for  the  airplane  than  the  weU:hts 
approved  on  the  basis  of  the  airplane’s  performance  without  standby 
power.  In  granting  performance  credit,  this  regulation  prescribes  the 
applicable  conditions  and  limitations. 

Rocket  assist  takeoff  units  were  developed  initially  for  the  military 
services  to  provide  additional  takeoff  power  for  heavily  loaded  flying 
boats  and  carrier-based  aircraft.  The  additional  thrust  improved  the 
climb  performance  in  the  takeoff  r^me  and  permitted  the  airplane  to 
attain  a  safe  altitude  and  air  sp^d  in  the  event  of  engine  failure.  The 
reliability  of  such  units  has  increased  to  the  point  where  some  civil  opera¬ 
tors  have  adopted  them  for  use  as  emergency  standby  power  in  the  event 
of  engine  failure.  Other  operators  have  been  reluctant  to  adopt  standby 
power  installations  and  the  attendant  weight  penalties  without  reasonable 
performance  credit  being  given  the  airplane.  With  the  performance 
credit  granted  by  this  regulation  for  the  use  of  standby  power,  it  is 
anticipated  that  such  credit  might  be  considered  a  compensating  economic 
factor  justifying  the  installation  of  standby  power  on  such  airplanes. 

The  currently  effective  regulations  did  not  contemplate  the  use  of 
standby  power;  however,  the  Administrator  of  Civil  Aeronautics  has 
established  for  an  interim  period  a  conservative  policy  permitting  trans¬ 
port  category  airplanes  equipped  with  standby  power  to  operate  at  an 
increase  in  the  normally  approved  weights  by  an  amount  equal  to  the 
weight  of  the  standby  power  units. 

In  this  regulation,  the  criteria  for  granting  performance  credit  were 
formulated  with  the  intent  of  providing  an  overall  level  of  performance 
equivalent  to  that  intended  by  the  currently  effective  regulations.  To 
this  end,  appropriate  criteria  are  established  with  respect  to  the  amount 
of  performance  credit  which  may  be  applied  in  determining  the  new 
takeoff  paths,  the  extent  to  which  the  maximum  certificated  takeoff  and 
landhig  weights  may  be  increased,  and  operating  procedures  to  be  fol¬ 
lowed  in  service  for  the  use  of  standby  power  and  for  the  associated 
changes  in  the  airplane’s  configuration  and  speed. 

The  basic  element  of  the  various  criteria  established  in  this  regu¬ 
lation  entails  a  comparison  of  flight  paths.  In  Civil  Air  Regulations 
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Draft  Release  No.  57-28,  all  of  the  flight  paths  were  based  on  procedures 
involving  attainment  of  the  en  route  configuration  and  the  acceleration 
to  a  safe  en  route  speed.  Further  consideration  of  this  proposal  indi¬ 
cates  that  an  undue  amount  of  flight  testing  and  computation  would 
be  required  for  those  flight  conditions  which  presently  do  not  involve 
the  establishment  of  such  flight  paths.  In  addition,  it  appears  that  com¬ 
parison  of  flight  paths  involving  a  particular  procedure  is  not  essential 
for  the  purpose  of  establishing  an  equivalent  level  of  safety.  In  view 
of  the  foregoing,  this  regulation  requires  comparison  of  flight  paths  with 
respect  to  the  takeoff  regime  consistent  only  with  that  required  by  the 
currently  effective  airworthiness  performance  requirements;  Le.,  Part 
4b  and  Special  Civil  Air  Regulations  Nos.  SR-422  and  SR-422A.  Fur¬ 
ther,  the  establishment  of  maximum  landing  weights  is  based  on  a  com- 
pariMn  of  flight  paths  obtained  with  a  fixed  airplane  configuration  and 
at  the  speed  and  power  condition  appropriate  to  the  all-engines-operating 
landing  climb  or  the  one-engine-inoperative  approach  climb,  as  applicable. 

Performance  credit  for  standby  power  with  rrapect  to  the  takeoff 
path  is  limited  by  the  specification  that  the  all-engines-operating  takeoff 
path  reflect  a  conservatively  greater  margin  of  overall  performance  than 
the  one-engineinoperative  takeoff  path  with  standby  power  in  use.  It 
is  intended  that  this  margin  exist  throughout  the  takeoff  path  prescribed 
by  the  applicable  performance  requirements.  This  regulation  provides 
for  the  establishment  of  the  margin  by  the  Administrator;  however,  in 
no  case  can  this  margin  be  less  than  15  percent.  In  view  of  the  many 
different  types  of  airplanes  to  which  this  regulation  is  applicable,  a 
higher  margin  might  be  necessary  in  certain  cases  to  insure  safe  day-to- 
day  operations. 

For  reciprocating-engine-powered  airplanes,  the  provisions  of  this 
r^nlation  req'nire  that  the  applicant  establish  a  procedure  for  the  use 
of  standby  power  for  attaining  the  en  route  configuration  and  a  safe 
en  route  sp^  in  the  event  of  an  engine  failure  during  the  takeoff. 
Provisions  for  such  procedures  are  contained  in  the  regulations  for 
turbine-powered  airplanes  and  will  therefore  be  applicable  to  such  air¬ 
planes.  The  establishment  of  the  procedures  made  applicable  to 
reciprocating-engine-powered  airplanes  is  left  to  the  discretion  of  the  ap¬ 
plicant  to  select  the  altitude  at  which  the  acceleration  is  to  take  place, 
the  basic  limitation  being  that  the  slope  along  all  points  of  the  airborne 
portion  of  the  takeoff  path  must  be  positive.  This  will  provide  for  the 
critical  operation  of  cleanup  and  acceleration  during  the  takeoff  which 
are  not  covered  by  the  performance  requirements  of  Part  4b  and  which 
have  been  cited  in  the  past  in  connection  with  several  accidents.  In 
addition,  with  respect  to  the  clearing  of  obstacles,  the  takeoff  path  sched¬ 
uled  in  the  Airplane  Flight  Manual  for  airplanes  for  which  the  per¬ 
formance  requirements  of  Part  4b  are  applicable  must  be  appropriately 
modified  to -reflect  the  effect  of  the  aforementioned  procedure. 

The  criteria  for  the  establishment  of  maximum  certificated  takeoff 
weights  involve  two  separate  comparisons  of  takeoff  paths.  These  com- 
parisMU  must  be  carried  oat  to  a  height  of  400  feet  above  the  takeoff 
surface.  This  minimum  height  is  intended  to  be  associated  with  a  pro¬ 
cedure  where  standby  power  is  actuated  within  the  neighborhood  of 
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the  critical  engine  failure  speed  Vi.  These  provisions  are  intended  to 
limit  the  increase  in  maximum  takeoff  weight,  eoasiptent  with  the  overall 
level  of  performance  currently  attained  with  respect  to  the  one^ngine* 
inoperative  takeoff  and  to  limit  the  amount  of  standby  power  for  which 
performance  credit  can  be  granted  to  insure  a  reasonable  margin  of 
performance  for  the  all<engine  day-to-day  operations. 

The  provisions  for  the  establishment  of  maximum  certificated  landing 
weights  require  only  a  comparison  between  two  flight  paths  based  on  a 
steady  climb  and  fixed  configuration.  One  represents  a  climb  path  at 
the  maximum  weight  previously  certificated  without  standby  power  and 
the  other  a  climb  path  at  the  incr^used  weight  with  standby  power.  In 
addition,  there  is  a  provision  which  requires  the  establishment  of  pro¬ 
cedures  for  the  execution  of  balked  landings  and  missed  approaches  in 
conjunction  with  the  use  of  standby  power. 

A  question  has  been  raised  as  to  whether  duplicate  sets  of  standby 
power  units  are  required  to  obtain  performance  credit  for  both  the  takeoff 
and  the  approach  stages  of  flight.  It  is  intended  by  this  regulation  to 
require  duplicate  sets  of  standby  power  for  a  fiight  for  which  the  use 
of  standby  power  is  necessary  to  comply  with  both  the  maximum  cer¬ 
tificated  takeoff  and  the  maximum  certificated  approach  weight  limita¬ 
tions.  Where  the  use  of  standby  power  is  necessary  for  compliance  with 
the  maximum  certificated  weight  limitations  for  only  one  regime  of  fiight, 
Le.,  takeoff  or  approach,  one  set  of  standby  power  units  is  required. 

There  are  also  included  safety  criteria  for  the  installation  and  opera¬ 
tion  of  the  standby  power  system. 

The  Board  presently  has  under  consideration  a  special  regulation 
which  would  be  applicable  to  nontransport  category  airplanes  equipped 
with  standby  power. 

Interested  persons  have  been  afforded  an  opportunity  to  participate 
in  the  making  of  this  regulation  (22  F.R.  10464),  and  due  consideration 
has  been  given  to  all  relevant  matter  presented. 

In  consideration  of  the  foregoing,  the  Civil  Aeronautics  Board  hereby 
makes  and  promulgates  the  following  Special  Civil  Air  Regulation,  effec¬ 
tive  October  27,  1958. 

Contrary  performance  provisions  of  the  Civil  Air  Regulations  not¬ 
withstanding,  the  Administrator  may  grant  performance  credit  for  the 
use  of  standby  power  on  tran^rt  cat^ory  airplanes.  Such  credit  shall 
be  applicable  only  to  the  maximum  certificated  takeoff  and  landing 
weights,  the  takeoff  distance,  and  the  takeoff  paths,  and  shall  not  exceed 
that  found  by  the  Administrator  to  result  in  an  overall  level  of  safety 
in  the  takeoff,  approach,  and  landing  regimes  of  fiight  equivalent  to  that 
prescribed  in  the  regulations  under  which  the  airplane  was  originally 
certificated  without  standby  power.  (Note:  Standby  power  is  power 
and/or  thrust  obtained  from  rocket  engines  for  a  relatively  short  period 
and  actuated  only  in  cases  of  emergency.)  The  following  provisions 
shall  apply: 

(1)  Takeoff;  general.  The  takeoff  data  prescribed  in  sections  (2) 
and  (3)  shall  be  determined  at  all  weights  and  altitudes,  and  at  ambient 
temperatures  if  applicable,  at  which  performance  credit  is  to  be  applied. 
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(2)  Takeoff  path. 

(a)  The  one>engine*inoperativc  takeoff  path  with  standby  power 
In  nae  shall  be  determined  in  accordance  with  the  performance  require¬ 
ments  of  the  applicable  airworthiness  regrulations. 

(b)  The  wie-ensine-inoperative  takeoff  path  (excluding  that 
portion  where  the  airplane  is  on  or  just  above  the  takeoff  surface)  de¬ 
termined  in  accordance  with  paragraph  (a)  of  this  section  shall  lie  above 
the  one-engine-inoperative  takeoff  path  without  standby  power  at  the 
maximum  takeoff  weight  at  which  all  of  the  applicable  airworthiness 
requirements  are  met  For  the  purpose  of  this  comparison,  the  flight 
path  riiall  be  considered  to  extend  to  at  least  a  height  of  400  feet  above 
the  takeoff  surface. 

(c)  The  takeoff  path  with  all  engines  operating,  but  without 
the  use  of  standby  power,  shall  reflect  a  conservatively  greater  overall 
level  of  performance  than  the  one-engine-inoperative  takeoff  path  estab¬ 
lished  in  accordance  with  paragraph  (a)  of  this  section.  The  aforemen¬ 
tioned  margin  shall  be  established  by  the  Administrator  to  insure  safe 
day-to-day  operations,  but  in  no  case  shall  it  be  less  than  15  percent. 
The  all-engincs-operating  takeoff  path  shall  be  determined  by  a  procedure 
consistent  with  that  established  in  complying  with  paragraph  (a)  of 
this  section. 

(d)  For  reciprocating-engine-powered  airplanes,  the  takeoff 
path  to  be  s^eduled  in  the  Airplane  Flight  Manual  shall  represent  the 
one-miigine4noperative  takeoff  path  determined  in  accordance  with  para¬ 
graph  (a)  of  this  section  and  modified  to  reflect  the  procedure  (see  sec. 
(6))  established  by  the  applicant  for  flap  retraction  and  attainment  of 
the  en  route  speed.  The  scheduled  takeoff  path  shall  have  a  positive 
slope  at  all  points  of  the  airborne  pmrtion  and  at  no  point  shall  it  lie 
above  the  takeoff  path  specified  in  paragraph  (a)  of  this  section. 

(3)  Takeoff  dietanee.  The  takeoff  distance  shall  be  the  horixon- 
tal  distance  along  the  one-engine-inoperative  takeoff  path  determined  in 
accordance  with  section  (2)  (a)  from  the  start  of  the  takeoff  to  the  point 
where  the  airplane  attains  a  height  of  50  feet  above  the  takeoff  surface 
for  reciprocating-ei^^e-powered  airplanes  and  a  height  of  35  feet  above 
the  takeoff  surface  for  turbine-powered  airplanes. 

(4)  Maximum  eertiffeated  ttdceoff  u>^hta.  The  maximum  certifi¬ 
cated  takeoff  weights  shall  be  determined  at  all  altitudes,  and  at  amUent 
temperatures  if  applicdble,  at  which  performance  credit  Is  to  be  applied 
and  shall  not  exceed  the  weights  established  in  compliance  with  para¬ 
graphs  (a)  and  (b)  of  this  section. 

(a)  'nie  conditions  of  section  (2)  (b)  through  (d)  shall  be  met 
at  the  maximum  certificated  takeoff  weight 

(b)  Without  the  use  of  standby  powers  the  airplane  riiail  meet 
all  of  the  en  route  requirements  of  the  applicable  airworthiness  r^u- 
lalions  under  which  the  airplane  was  originally  certificated.  In  addition, 
turbine-powered  airplanes  without  the  use  of  standby  power  shall  meet 
the  final  takeoff  climb  requirements  prescribed  in  the  applicable  air¬ 
worthiness  regulations. 

(5)  Maximum  eerttffeated  landing  weighta. 

(a)  The  maximum  certificated  landing  weights  (one-engine- 
inoperathre  approach  and  all-engincs-operating  landing  climb)  shall  be 
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determined  at  all  altitudes,  and  at  ambient  temperatures  if  applicable, 
at  which  performance  credit  is  to  be  applied  and  shall  not  exceed  that 
established  in  compliance  with  the  provisions  of  paragraph  (b)  of  this 
section. 

(b)  The  flight  path,  with  the  engines  operating  at  the  power 
and/or  thrust  appropriate  to  the  airplane  configuration  and  with  standby 
power  in  use,  shall  lie  above  the  flight  path  without  standby  power  in 
use  at  the  maximum  weight  at  which  all  of  the  applicable  airworthiness 
requirements  are  met.  In  addition,  the  flight  paths  shall  comply  with 
the  provisions  of  subparagraphs  (i)  and  (ii)  of  this  paragraph. 

(i)  The  flight  paths  shall  be  established  without  changing 
the  appropriate  airplane  configuration. 

(ii)  The  flight  paths  shall  be  carried  out  for  a  minimum 
height  of  400  feet  above  the  point  where  standby  power  is  actuated. 

(6)  Airplane  conAguration,  speed,  and  power  and/or  thrust;  gen- 
eral.  Any  change  in  the  airplane’s  configuration,  speed,  and  power 
and/or  thrust  shall  be  made  in  accordance  with  the  procedures  estab¬ 
lished  by  the  applicant  for  the  operation  of  the  airplane  in  service  and 
shall  comply  with  the  provisions  of  paragraphs  (a)  through  (c)  of  this 
section.  In  addition,  procedures  shall  be  established  for  the  exMUtion 
of  balked  landings  and  missed  approaches. 

(a)  The  Administrator  shall  find  that  the  procedure  can  be  con¬ 
sistently  executed  in  service  by  crews  of  average  skill. 

(b)  The  procedure  shall  not  involve  methods  or  the  use  of 
devices  which  have  not  been  proven  to  be  safe  and  reliable. 

(c)  Allowances  shall  be  made  for  such  time  delays  in  the  exe¬ 
cution  of  the  procedures  as  may  be  reasonably  expected  to  occur  during 
service. 

(7)  Installation  and  operation;  standby  power.  The  standby 
power  unit  and  its  installation  shall  comply  with  the  provisions  of  para¬ 
graphs  (a)  and  (b)  of  this  section. 

(a)  The  standby  power  unit  and  its  installation  shall  not  ad¬ 
versely  affect  the  safety  of  the  airplane. 

(b)  The  operation  of  the  standby  power  unit  and  its  control 
shall  have  proven  to  be  safe  and  reliable. 
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SPECIAL  CIVIL  AIR  REGULATION  NO.  SR-450A 

Effective:  Aug.  31,  1962 
Adopted:  Aug.  29,  1962 
Published:  Sept.  1,  1962 
(27  F.R.  8760 

Airspeed  Operation  Limitation  for  Transport  Category  Airplanes 

Special  Civil  Air  Regulation  No.  SR-450,  effective  May  3, 1%2  (27  F.R. 
2995),  contained  a  number  of  requirements  dealing  with  airspeed  operat¬ 
ing  limitations  to  airplanes  certificated  under  the  provisions  of  Part  4b 
in  effect  prior  to  May  3,  1962.  A  revision  of  the  Airplane  Flight  Manual 
statement  concerning  airspeed  operating  limitations  was  prescribed  for 
all  such  airplanes.  Consistent  revision  of  airspeed  placards  and  instru¬ 
ment  markings,  and  the  installation  of  a  speed  warning  device,  were  addi¬ 
tionally  prescribed  for  turbine-powered  airplanes.  The  special  regulation 
required  compliance  with  the  speed  warning  device  provision  on  or  before 
February  1,  1963;  with  all  other  provisions,  on  or  before  September  1, 
1962. 

Several  operators  of  airplanes  affected  by  SR-450  have  requested 
extensions  of  the  compliance  dates  specified  therein,  contending  that  com¬ 
pliance  before  these  dates  would  be  unnecessarily  and  excessively  burden¬ 
some  in  relation  to  the  attained  increment  of  safety.  With  respect  to  the 
September  1, 1962,  compliance  date  specified  in  section  1(a)(2),  they  point 
out  that  remarking  airspeed  instruments  generally  involves  removal  of 
the  instrument  seal.  When  this  is  done,  the  instrument  is  processed 
through  a  time-consuming  overhaul  schedule  to  make  certain  that  its  cali¬ 
bration  has  not  been  changed.  They  state,  in  addition,  that  the  airplane 
manufacturer  delayed  delivery  of  the  detailed  service  information  re¬ 
quired  for  the  modification  until  necessary  technical  consultations  with 
the  instrument  manufacturer,  and  with  representatives  of  this  Agency, 
could  be  completed.  With  respect  to  the  February  1, 1963,  date  established 
for  compliance  with  section  1(b),  operators  of  turbine-powered  airplanes 
not  already  equipped  with  a  speed  warning  device  report  that  they  can¬ 
not  obtain  delivery  of  the  device  in  less  than  5  months;  that  installation 
of  the  device  involves  extensive  electrical  modifications,  rework  of  the 
pitot-static  pressure  system,  and  other  installation  changes;  that  ground 
and  flight  tests  are  necessary  to  insure  proper  functioning  of  the  modified 
systems;  and  that  such  modifications  and  tests,  to  be  conducted  in  a  safe 
manner,  should  be  scheduled  during  a  major  airplane  overhaul. 

The  Agency  has  determined  that,  for  the  reasons  stated  above  and 
despite  diluent  efforts  on  their  part,  many  persons  affected  by  SR-450  will 
not  be  able  to  comply  with  its  provisions  before  the  specified  dates  and 
that  a  period  of  relief  may  be  granted  without  adversely  affecting  safety. 
Accordingly,  SR-450  has  been  amended  by  extending  the  September  1, 
1962,  compliance  dates  to  March  1,  1963,  and  by  extending  the  February 
1, 1963,  compliance  date  to  February  1, 1964. 
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Since  this  regulation  provides  relief  from  the  provisions  of  the  pre¬ 
vious  regulation,  and  imposes  no  additional  burden  upon  any  persons, 
compliance  with  the  notice  and  public  procedure  provisions  of  the  Admin¬ 
istrative  Procedure  Act  is  unnecessary,  and  good  cause  exists  for  making 
this  regulation  effective  on  less  than  30  days’  notice. 

In  consideration  of  the  foregoing,  the  following  Special  Civil  Air 
Regulation  is  hereby  adopted  to  become  effective  August  31,  1962: 

Contrary  provisions  of  the  Civil  Air  Regulations  notwithstanding,  the 
following  requirements  shall  be  applicable  to  transport  category  airplanes 
certificated  under  the  provisions  of  Part  4b  in  effect  prior  to  May  3, 1%2 : 

1.  Turbine'powered  airplanes. 

(a)  On  or  before  March  1, 1963 : 

(1)  The  airspeed  operating  limitations  in  the  Airplane  Flight 
Manual  shall  be  revised  by  deleting  the  term  ’’normal  operating  limit 
speed”  and  the  corresponding  symbols  ’’Vno/Mno”.  together  with  state¬ 
ments  explaining  the  significance  of  this  term,  and  inserting  in  lieu  there¬ 
of  the  term  ’’maximum  operating  limit  speed”,  the  corresponding  symbols 
*’Vmo/Mmo”>  and  the  following  statement  explaining  the  significance  of 
the  new  term : 

’’The  maximum  operating  limit  speed  shall  not  be  deliberately 
exceeded  in  any  regime  of  fiight  (climb,  cruise,  or  descent),  except  where 
a  higher  speed  is  specifically  authorized  for  flight  test  or  pilot  training 
operations,  or  in  approved  emergency  procedures.” 

(2)  Airspeed  placards  and  instrument  markings  shall  be  con¬ 
sistent  with  subparagraph  (1)  of  this  paragraph.  Where  color  markings 
are  used  on  airspeed  or  Mach  indicators,  the  red  radial  line  shall  be  at 
Vmo/Miicx  Where  a  maximum  allowable  airspeed  indicator  is  used,  the 
limit  hand  diall  indicate  Vmo/Mmo- 

(b)  On  or  before  February  1, 1964,  each  airplane  shall  be  equipped 
with  a  sqteed  warning  device  which  shall  provide  aural  warning  to  the 
pilots,  which  is  distinctly  different  from  aural  warnings  used  for  other 
purposes,  whenever  the  speed  exceeds  Vmo  plus  6  knots  or  Mmo+0.01.  The 
upper  limit  of  the  production  tolerances  permitted  for  the  warning  device 
shall  be  at  a  speed  not  greater  than  the  prescribed  warning  speed. 

2.  Reciprocation  engine-powered  airplanes.  On  or  before  March  1, 
1963,  the  airspeed  operating  limitations  in  the  Airplane  Flight  Manual 
shall  be  revised  as  necessary  to  state  that  the  normal  operating  limit 
speed,  or  the  maximum  structural  cruising  speed  (whichever  term  is  used 
in  the  particular  manual),  shall  not  be  deliberately  exceeded  in  any 
regime  of  flight  (climb,  cruise,  or  descent),  except  where  a  higher  speed 
Is  specifically  authorized  for  flight  test  or  pilot  training  operations,  or  in 
approved  emergency  procedures. 

This  regulation  supersedes  Special  Civil  Air  Regulation  No.  SR-450. 
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Appendix  H 

FATIGUE  EVALUATION  OF  FLIGHT  STRUCTURE 


The  procedures  outlined  in  this  appendix  are 
acceptable  to  the  FAA  for  showing  compliance 
with  the  fatigue  evaluation  requirements  of 
Civil  Air  Regulation  4b.270.  However,  the 
information  contained  in  this  appendix  is 
presented  merely  for  guidance  purposes  and  is 
not  mandatory  nor  regulatory  in  nature. 

Although  a  uniform  approach  to  fatigue 
evaluation  is  desirable,  it  is  recognized  that  in 
such  a  complex  and  highly  controversial  field, 
new  design  features  and  methods  of  fabrication, 
new  approaches  to  fatigue  evaluation,  and  new 
configurations  may  require  variations  and  de¬ 
viations  from  the  procedures  described  in  this 
appendix.  Therefore,  engineering  judgment 
should  be  exercised  for  each  particular  applica¬ 
tion. 

Experience  with  the  application  of  methods 
of  fatigue  evaluation  indicates  that  fatigue 
tests  lure  essential  to  achieve  the  design  objec¬ 
tive.  Even  under  the  fail-safe  method  dis¬ 
cussed  in  section  II  of  this  appendix,  it  is  the 
general  practice  within  industry  to  conduct 
fatigue  tests  for  design  information  and  guid¬ 
ance  purposes.  Fatigue  tests  are  also  useful 
in  establishing  a  recommended  inspection  pro¬ 
gram;  in  assessing  in  the  early  design  stages  the 
fatigue  characteristics  of  certain  structural  ele¬ 
ments,  such  as  major  fittings,  joints,  typical 
skin  \mits,  and  splices;  in  insuring  that  the 
anticipated  service  life  assumed  at  the  incep¬ 
tion  of  the  design  can  reasonably  be  attained; 
and  in  detennining  the  crack  propagation 
qualities  of  materials  selected  in  specific  design 
applications. 

Section  1.— FATIGUE  STRENGTH 
EVALUATION 

A.  Oeneral.  The  evaluation  of  the  flight 
stoucture  under  the  fatigue  starength  evalua¬ 
tion  method  is  intended  to  insure  that  a  serious 


fatigue  failure  will  not  occur  as  a  result  of  the 
repeated  loads  of  variable  magnitude  ex¬ 
pected  in  service.  The  evaluation  usually  in¬ 
cludes  the  following  procedures: 

1.  Elstimating  or  measuring  the  expected 
loading  spectrum  for  the  structure. 

2.  Conducting  a  structural  analysis  in¬ 
cluding  consideration  of  the  stress  con¬ 
centration  effects. 

3.  Fatigue  testing  the  structure  to  cover 
the  typical  loading  spectrum  expected 
in  service. 

4.  Determining  reliable  service  periods  by 
interpreting  the  results  of  the  loading 
history,  the  variable  load  stress  anal¬ 
yses,  the  fatigue  tests,  the  service  ex¬ 
perience,  and  the  fatigue  analyses. 

5.  Providing  inspection  and  maintenance 
instructions  and  guidance  information 
to  the  operators  to  minimize  the  possi¬ 
bility  of  a  serious  fatigue  failure  in  serv¬ 
ice. 

In  some  instances,  it  may  be  desirable  to  ver¬ 
ify  the  loadings  used  in  the  analyses  by  flight 
load  and  strain  surveys. 

B.  Typical  loading  spectrum  expected  in  serv¬ 
ice.  The  loading  spectrum  should  be  based  on 
measured  statistical  data  of  the  type  derived 
from  government  and  industry  load  history 
studies,  and  where  insuflicient  data  are  avail¬ 
able,  a  conservative  estimate  of  the  anticipated 
use  of  the  aircraft.  The  principal  loads  to  be 
considered  in  establishing  a  loading  spectrum 
for  the  flight  structure  are: 

1.  Flight  loads — gust  and  maneuver. 

2.  Ground  loads — taxiing,  landing  impact, 
turning,  engine  runup,  braking. 

3.  Pressurization  loads. 

4.  Other  loads — ground-air-ground  cycle, 
vibratory. 

The  development  of  the  loading  spectrum 
requires  the  definition  of  the  expected  flight 
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(dan  which  inTolves  climb,  cruise,  descent, 
flight  times,  operational  speeds  and  altitudes, 
Uie  approximate  percentage  of  time  to  be  spent 
in  each  of  the  operating  regimes,  and  any  other 
pertinent  effects,  such  as  dynamic  overstress 
and  the  stress  decay  characteristics  of  a  flexible 
structure  excited  by  turbulence. 

For  pressure  cabins,  the  typical  loading 
spectrum  should  include  the  repeated  applica¬ 
tion  of  the  normal  operating  pressure,  and  the 
superimposed  effects  of  flight  loads  and  external 
awodynamic  pressures.  A  recommended  source 
of  information  in  the  development  of  a  loading 
spectrum  is  the  Aircraft  Fatigw  Handbook, 
Volume  I — Environmental  Conditions,  published 
by  the  Aircraft  Industries  Association. 

C.  Fatigue  analysis.  Some  better-known 
methods  for  structural  fatigue  evaluation  are 
briefly  outlined  in  the  Aircraft  Fatigue  Hand¬ 
book,  Volume  II — Design  and  Analysis,  pub¬ 
lished  by  the  Aircraft  Industries  Association. 
Experience  with  these  methods  indicates  that 
no  one  method  is  wholly  satisfactory  in  yielding 
accurate  or  consistently  reliable  results,  but 
that  in  many  cases  they  may  be  used  as  ap- 
proximstions  in  design.  Any  method  used  in 
the  fatigue  analysis  should  be  supported  by 
test  or  service  experience. 

D.  Components  to  be  analyzed  and  tested.  In 
assessing  the  possibility  of  serious  fatigue 
failure,  the  design  should  be  carefully  examined 
to  determine  possible  points  of  failure  in 
service.  In  this  examination,  consideration 
should  be  given  to  the  results  of  stress  analyses, 
static  tests,  strain  gage  surveys,  tests  of  similar 
structural  configurations,  and  service  experience. 
Service  experience  has  shown  that  special 
attention  should  be  focused  on  the  design 
details  of  important  discontinuities,  main  at¬ 
tach  fittings,  tension  joints  and  splices,  and 
cutouts  such  as  windows,  doors,  and  other 
openings. 

Unless  it  is  determined  from  the  forgoing 
examination  that  the  normal  operating  stresses 
at  critical  regions  in  the  structure  are  of  such 
a  low  order  that  the  possibility  of  serious 
fatigue  damage  is  extremely  remote,  repeated 
load  tests  should  be  conducted  on  complete 
full-scale  components  such  as  the  wing,  control 
surfaces,  and  pressure  cabin.  In  any  event,  it 
is  advisable  that  repeated  load  tests  be  con¬ 


ducted  on  representative  portions  of  the  com¬ 
plete  flight  structure. 

Test  specimens  for  the  wing  and  empennage 
should  include  attachment  fittings,  major 
joints,  changes  in  section,  tensile  area  cutouts, 
and  discontinuities.  Test  specimens  for  a  pres¬ 
sure  fuselage  should  include  the  cockpit  area; 
typical  joints;  a  sufficient  part  of  the  cabin 
area  to  include  typical  windows,  doors,  and 
other  cutouts;  and  the  pressure  bulkheads  and 
attachments. 

E.  Life  determination-scaiter.  The  main  pur¬ 
pose  of  the  fatigue  tests  is  to  establish  for  the 
first  and  subsequent  failures,  the  component 
involved  and  its  corresponding  fatigue  life. 
If  possible,  the  structure  should  be  repaired 
after  each  failure  until  a  stage  is  reached  where 
further  repair  is  impossible  or  further  testing 
is  considered  unnecessary. 

In  the  interpretation  of  fatigue  test  data,  the 
effect  of  variability  should  be  accounted  for 
by  an  appropriate  factor.  Relating  of  such 
factors  to  the  recommended  service  life  is 
extremely  difficult  as  there  are  a  number  of 
considerations  peculiar  to  each  design  that 
require  evaluation  by  the  applicant.  The  fac¬ 
tor  will  depend  on  the  number  of  representative 
test  specimens,  the  material,  the  type  of  speci¬ 
men  employed,  the  type  of  repeated  load  test, 
the  load  levels,  and  environmental  conditions. 

F.  Bejdacement  times.  Parts  should  be  re¬ 
placed  or  retired  at  the  established  reliable 
service  period  unless  additional  data  indicate 
that  an  extension  of  the  service  period  is  pos¬ 
sible.  Important  factors  in  the  consideration 
of  such  extensions  would  be; 

1.  Satisfactory  service  experience.  Satisfac¬ 
tory  service  experience  includes  estab¬ 
lishing  from  the  history  of  operation  of 
the  aircraft  that  no  significant  or  pre¬ 
mature  fatigue  failure  has  occurred. 

2.  Recorded  load  data.  Recorded  load  data 
entails  instrumenting  airciaft  in  service 
to  obtain  a  representative  sampling  of 
actual  loads  experienced.  The  data 
measured  should  include  airspeed,  alti¬ 
tude,  and  load  factor  versus  time;  or  the 
airspeed,  altitude,  and  strain  ranges 
versus  time,  or  similar  data.  The 
data  obtained  by  instrumenting  air¬ 
craft  in  service  should  provide  a  basis 
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for  oorreUting  the  estimated  loading 
q)ectrum  with  the  actual  service  ex¬ 
perience. 

3.  Additional  analyoeo  and  tests.  If  test 
data  and  analyses  based  on  repeated 
load  tests  of  additional  specimens  are 
obtained,  a  reevaluation  of  the  initial 
scatter  factor  may  be  made. 

4.  Tests  of  parts  removed  from  service.  Re¬ 
peated  load  tests  of  replaced  parts  may 
be  utilized  to  reevaluate  the  initial  scat¬ 
ter  factor  selected.  The  tests  should 
closely  simulate  service  loading  condi¬ 
tions.  Repeated  load  testing  of  parts 
removed  from  service  is  especially  useful 
where  recorded  load  data  obtained  in 
service  are  available,  since  the  actual 
loading  experienced  by  the  part  prior  to 
replacement  is  known. 

^  5.  Repair  or  rework  of  the  stmeture.  In 
some  cases,  repair  or  rework  of  the 
structure  may  gain  further  service  life. 

Q.  Type  design  developments  and  changes. 
For  design  devdopments  or  changes  involving 
structural  configurations  similar  to  those  of  a 
design  already  shown  to  comply  with  the  pro- 
vknons  of  CAR  4b.270  (a),  it  may  be  possible  to 
evaluate  the  variations  in  critical  portions  of 
the  structure  on  a  comparative  basis.  Typical 
examples  would  be  redesign  of  the  wing  struc¬ 
ture  for  increased  loads,  and  the  introduction  of 
different  locations  and/or  shapes  of  cutouts  in 
pressure  cabins.  This  evaluation  involves  anal¬ 
ysis  of  the  estimated  stresses  of  the  redesigned 
primary  structure  and  correlation  of  the  analy¬ 
sis  with  the  analytical  and  test  results  obtaioed 
in  showing  compliance  of  the  original  design 
with  CAR  4b.270  (a). 

Sectkm  U.— FAIL-SAFE  STRENGTH 
EVALUATION 

A.  General.  The  fiul-safe  strength  evalua¬ 
tion  of  the  flight  structure  is  intended  to  insure 
that  should  a  serious  fatigue  failure  occur,  the 
remaining  structure  can  withstand  reasonable 
flil^t  loads  without  excessive  structural  de¬ 
formation.  The  fail-sale  evaluation  generally 
encompasses  establishing  the  components  which 
are  to  be  made  fail-safe,  dining  the  loading 
conditions  and  extent  of  damage  for  which  the 
structare  is  to  be  designed,  conducting  struc¬ 


tural  tests  and  analyses  to  substantiate  that  the 
design  objective  has  been  achieved,  and  estab¬ 
lishing  inspection  programs  aimed  at  detection 
of  fatigue  damage.  Design  features  which  may 
be  used  in  attaining  a  fail-safe  structure  are : 

1.  Use  of  multipath  construction  and  the 
provision  of  crack  stoppers  to  limit  the 
growth  of  cracks. 

2.  Use  of  composite  duplicate  structures 
so  that  a  fatigue  failure  occurring  in  one- 
half  of  the  composite  member  will  be 
confined  to  the  failed  half  and  the  re¬ 
maining  structure  will  still  possess  ap¬ 
preciable  load-carrying  ability. 

3.  Use  of  backup  structure  wherein  one 
member  carries  all  the  load,  with  a  sec¬ 
ond  member  available  and  capable  of 
assuming  the  extra  load  if  the  primary 
member  fails. 

4.  Selection  of  materials  and  stress  levels 
that  provide  a  controlled  slow  rate  of 
crack  propagation  combined  with  high 
residual  strength  after  initiation  of 
cracks. 

5.  Arrangement  of  design  details  to  permit 
easy  detection  of  failures  in  all  critical 
structural  elements  before  the  failures 
can  become  dangerous  or  result  in  ap¬ 
preciable  strength  loss,  and  to  permit 
replacement  or  repair. 

B.  Identifietdion  of  principal  structural  ele¬ 
ments.  Principal  structural  elements  are  those 
which  contribute  significantly  to  canying  flight 
and  pressurization  loads  and  whose  failure  could 
result  in  catastrophic  failure  of  the  aircraft. 
Typical  examples  of  such  elements  are: 

1.  Wing  'and  empennage — 

а.  Control  surface  attachment  hinges 
and  fittings. 

б.  Integrally  stiffened  plates. 

c.  Primary  fittings. 

d.  Principal  splices. 

e.  Skin  or  rei^orcement  around  cutouts 
or  discontinuities. 

f.  Skin-stringer  combinations. 

g.  Spar  cap. 

h.  Spar  web. 

2.  Fuselage. — 

a.  Circumferential  frame  and  adjacent 
skin. 

b.  Doorframes. 
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e.  Pilot  window  post. 

d.  Pressure  bulkheads. 

e.  Skin  and  any  single  frame  or  stiffener 
element  around  a  cutout. 

y.  Skin  and/or  skin  splices  under  cir¬ 
cumferential  loads. 

g.  Skin  and/or  skin  splices  under  fore- 
and-aft  loads. 

h.  Skin  around  a  cutout. 

t.  Skin  and  stiffener  combination  under 
fore-and-aft  loads. 
j.  Window  frames. 

C.  Eatent  of  Jail-safe  damage.  Each  partic¬ 
ular  design  should  be  carefully  assessed  to 
establish  appropriate  damage  criteria.  In  any 
fatigue  damage  determination,  when  it  is  not 
possible  to  establish  the  extent  of  damage  in 
terms  of  an  “obvious  partial  failure,*'  the  dam¬ 
age  should  be  considered  in  terms  of  the  com¬ 
plete  failure  of  the  single  element  involved. 
Thus,  an  obvious  partial  failure  can  be  consid¬ 
ered  to  be  the  extent  of  the  fail-safe  damage, 
provided  a  positive  determination  is  made  that 
the  fatigue  cracks  will  propagate  in  the  open; 
for  example,  cracks  that  occur  in  exterior  skins 
and  whi(^  can  be  detected  by  a  visual  inspec¬ 
tion  at  an  early  stage  of  the  crack  development. 
In  a  pressurized  fuselage,  an  obvious  partial 
faihire  can  be  verified  through  the  inab^ty  of 
the  cabin  to  maintain  operating  pressure  or 
controlled  decompression  after  occurrence  of 
the  damage. 

Typical  examples  of  the  fatigue  damage 
^Hiich  should  be  considered  are  outlined  below: 

1.  Son  oacks  emanating  from  the  edge  of 
structural  openings  or  cutouts  which 
can  be  readily  detected  by  visual  in¬ 
spection  of  the  ares. 

2.  A  circumferential  or  4ongitudinal  skin 
crack  in  the  basic  fuselage  structure  of 
such  a  length  that  it  can  be  readily  de¬ 
tected  by  visual  inspection  of  the  sur¬ 
face  area. 

3.  Complete  severence  of  interior  frame 
elements  or  stiffeners  in  addition  to  a 
visually  detectable  crack  in  the  adja¬ 
cent  ^n. 

4.  Failure  of  one  element  where  dual  con¬ 
struction  is  utilized  in  components  such 
as  spar  caps,  window  posts,  window  or 
door  frames,  and  skin  structure. 


5.  The  presence  of  a  fatigue  failure  in  at 
least  the  tension  portion  of  the  spar 
web  or  similar  elements. 

6.  Failure  of  primary  attachments,  includ¬ 
ing  control  surface  hinges  and  fittings. 

D.  Inaccessible  areas.  In  cases  where  in¬ 
accessible  or  blind  areas  are  unavoidable, 
emphasis  should  be  placed  on  determining 
crack  propagation  and  residual  strength  of  the 
particular  fatigue-damaged  structure  in  order 
to  assure  continued  airworthiness  of  the  struc¬ 
ture  with  reasonable  inspection  methods  and 
controls  by  the  operator.  Alternative  pro¬ 
cedures  would  be  to  provide  additional  fatigue 
strength  to  preclude  fatigue  cracking  in  the 
blind  element  or  to  conduct  fatigue  tests  of  the 
blind  areas  to  establish  that  a  high  service  life 
is  provided. 

E.  Testing  oj  principal  structural  elements. 
The  nature  and  extent  of  tests  on  complete 
structures  and/or  portions  of  the  primary 
structure  will  depend  upon  previous  experience 
with  similar  types  of  structures  regarding  tests 
of  this  nature  and  the  crack  propagation 
characteristics  of  the  structure.  Single  elements 
or  members  such  as  stringers,  spar  caps,  and 
frames  should  be  completely  severed  and  1.15 
times  the  critical  fail-safe  load  applied  after 
severing.  In  cases  where  definite  evidence  is 
furnished  that  the  dynamic  failure  effects  are 
not  present,  the  1.15  factor  may  be  eliminated 
or  reduced  in  accordance  with  the  effects  noted. 
Alternatively,  the  fail-safe  loads  may  be  applied 
to  the  structure  before  severing  and  the  1.15 
factor  omitted. 

In  the  case  of  distributed  members  such  as 
a  sheet-stringer  combination  or  an  integrally 
stiffened  tension  skin,  a  cut  may  be  made  to 
represent  an  initial  crack  in  the  element  under 
test.  If  there  is  no  faUure,  the  length  of  the  cut 
may  be  increased  and  the  fail-safe  load  applied 
until  either: 

1.  The  fail-safe  damage  has  been  simu¬ 
lated,  or 

2.  The  crack  propagation  rate  decreases 
due  to  redistribution  of  load  paths,  or 

3.  The  crack  propagation  stops  due  to  a 
crack  stopper. 

The  simulated  cracks  should  be  as  repre¬ 
sentative  as  possible  of  actual  fatigue  damage. 
In  cases  where  it  is  not  practical  to  produce 
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Actual  fatigue  cracks,  damage  may  be  simu¬ 
lated  by  cuts  made  with  a  fine  saw,  sharp 
blades,  or  a  guillotine.  In  those  cases  where 
it  is  necessaiy  to  simulate  damage  at  joints  or 
fittings,  bolts  may  be  removed  to  simulate  the 
failure  if  this  condition  would  be  representative 
of  an  actual  failure. 

F.  Analysis  oj  prineipal  struetural  dements. 
In  some  instances,  the  fail-safe  characteristics 
may  be  shown  analytically.  The  analytical 
approach  may  be  used  when  the  structural 
configuration  involved  is  essentially  similar  to 
one  already  verified  by  fail-safe  tests,  whether 
conducted  on  a  previously  approved  type 
design,  or  whether  conducted  on  other  similar 
areas  of  the  design  currently  being  evaluated. 

The  analytical  approach  may  idso  be  used 
when  conservative  failiu'es  are  assumed  such 
that  the  failure  would  be  detected  considerably 
before  the  critical  crack  length  is  approached, 
and  maigins  of  safety  resulting  from  the 
analysis  are  well  in  excess  of  the  fail-safe  resid¬ 
ual  static  strength  level.  In  any  such  analj^, 
the  1.15  factor  should  be  included  unless  it  can 
be  shown,  as  indicated  in  section  II  H,  that 
this  factor  is  not  required. 

G.  SeUcHon  of  a  eritieal  area.  Single  prin¬ 
cipal  structural  elements  and  detail  design 
points  requiring  investigation  are  identified 
under  section  II  B.  The  process  of  actually 
locating  where  fail-safe  damage  should  be  simu¬ 
lated  in  an  element,  such  as  a  wing  spar  chord 
or  fuselage  frame,  requires  use  of  sound  engi¬ 
neering  ju<]^ment  that  takes  into  account  a 
variety  of  factors,  such  as: 

1 .  Conducting  an  analsmis  to  locate  areas  of 
mayinuiin  stress  and  low  margin  of 
safety. 


2.  Conducting  strain  gage  surveys  on  un¬ 
damaged  structure  to  establish  points  of 
high  stress  concentration  as  well  as  the 
magnitude  of  such  concentration. 

3.  Examining  static  test  results  to  deter¬ 
mine  locations  where  excessive  deforma¬ 
tions  occurred. 

4.  Determining  from  repeated  load  tests 
where  failure  may  have  initiated  or 
where  the  crack  propagation  rate  is  a 
maximum. 

'5.  Selecting  locations  in  an  element  (such 
as  a  spar  cap)  where  the  stresses  in 
adjacent  elements  (such  as  the  spar  web 
or  wing  skin)  would  be  the  maximum 
with  the  spar  failed. 

6.  Selecting  points  in  an  element  (such  as 
a  spar  web  or  frame)  wherein  high 
stress  concentrations  are  present  in  the 
residual  structure  with  the  web  failed. 

7.  Assessing  detail  design  areas  which 
service  experience  records  of  similarly 
designed  components  indicate  are  prone 
to  fatigue  damage. 

H.  Dynamic  effects.  The  dynamic  magnifica¬ 
tion  factor  of  1.15  should  be  applied  to  all  loads, 
including  pressure  cabin  loads,  unless  fail-safe 
tests  are  preformed  imder  load,  or  the  dynamic 
effects  are  shown  to  be  negligible  by  dynamic 
test  data  from  a  similar  structure. 

I.  Inspection.  Detection  of  fatigue  cracks 
before  they  become  dangerous  is  the  ultimate 
control  in  insiuring  the  fail-safe  characteristics 
of  the  fiight  structure.  Therefore,  the  aircraft 
manufacturer  should  provide  sufficient  guidance 
information  to  assist  operators  in  establishing 
the  frequency  and  extent  of  the  repeated 
inspections  of  the  critical  structure. 
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ENVIRONMENTAL  TEST  PROCEDURES:  ELECTRICAL  EQUIPMENT 

(Refer  to  CAM  4b.625-l) 


A.  TEST  EQUIPMENT  STANDARDS 

1.  Test  faeilities. — The  apparatus  used  in 
conducting  the  tests  described  in  this  Appendix 
should  be  capable  of  producing  the  specified 
environmental  conditions.  The  equipment 
under  test  should  not  occupy  more  than  50 
percent  of  the  volume  of  the  test  chamber.  Heat 
sources  should  be  disposed  so  that  radiant  heat 
does  not  fall  directly  on  the  equipment  under 
test. 

2.  Measurement  tolerances. — Allowable  tola*- 
ances  on  test  condition  measurements  are  as 
follows: 

(а)  Temperature. — Plus  or  minus  4®  F. 

(б)  Altitude. — Plus  or  miniis  5  percent. 

(e)  Humidity. — Plus  or  minus  5  percent 
relative. 

(d)  Vibration  amplitude. — Plus  or  minus  5 
percent. 

(e)  Vibration  frequency. — Plus  or  minus  2 
percent. 

3.  Standard  room  conditions. — Room  con¬ 
ditions  for  conducting  the  equipment  functional 
performance  check  (specified  in  par.  Bl)  should 
be  as  follows: 

(а)  Temperature. — 77®  plus  or  minus  18®  F. 

(б)  Relative  humidity. — 90  percent  or  less. 

(e)  Barom^rie pressure. — 28  to  32  inches  of 

mercury. 

4.  Temperature  stabilization.  —  Temperature 
stabilization  may  be  checked  by  a  temperature 
soiinng  device  in  good  thermal  contact  with  the 
largest  centrally-located  internal  mass  in  the 
equipment  under  test. 

B.  BASIS  FOB  EVALUATION  OF  ENVIRONMENTAL 
TEST  RESULTS 

1.  Functional  performance. — Before  conduct¬ 
ing  any  of  the  tests  described  in  Section  C,  the 
equipment  should  be  operated  under  standard 
CAM  4b 


room  conditions  (refer  to  par.  A3)  and  a  record 
made  of  aU  data  necessary  to  demonstrate  satis¬ 
factory  fimctional  performance  in  all  respects 
affecting  safety.  This  record  constitutes  the 
reference  performance  level  for  equipment 
undergoing  the  environmental  tests  in  Section 
C.  Failure  to  achieve  this  reference  perform¬ 
ance,  in  any  respect  significant  to  safety,  denotes 
failure  to  meet  the  environmental  test  to  which 
the  equipment  was  subjected. 

2.  Deterioration. — Deterioration  or  corrosion 
of  any  internal  or  external  components  which 
could  in  any  manner  prevent  the  continued  safe 
operation  of  the  equipment  during  its  service 
life  would  constitute  failure  to  meet  the  environ¬ 
mental  test  to  which  the  equipment  was 
subjected. 

C.  TEST  PROCEDURES 

1.  High  temperature  test.  The  equipment 
should  be  placed  within  the  test  chamber  and 
^he  internal  temperature  of  the  chamber  raised 
to  160®  F.  with  an  internal  relative  humidity  of 
not  more  than  5  percent.  The  item  of  equip¬ 
ment  should  be  maintained  at  160®  F.  for  a 
period  of  50  hours.  While  still  at  this  temper¬ 
ature,  the  equipment  should  be  operated  and 
the  results  checked  against  the  data  obtained  in 
paragraph  Bl.  The  temperature  should  then 
be  reduced  to  prevailing  room  conditions  and  a 
visual  examination  conducted  in  accordance 
with  paragraph  B2. 

2.  Low  temperature  tests. — 

(o)  M^hod  I. — The  item  of  equipment 
should  be  placed  within  the  test 
chamber  and  the  chamber  cooled  to 
and  maintained  at  a  temperature  of 
—65®  F.  until  temperature  stabiliza¬ 
tion  (see  par.  A4)  of  the  equipment  is 
reached.  While  at  this  temperature, 
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the  equipment  should  be  operated  and 
the  results  checked  against  the  data 
obtained  in  paragraph  Bl. 

(b)  Method  II  (alternate  to  Method  I). — 
The  equipment  should  be  placed  within 
the  test  chamber  and  the  chamber 
cooled  to  and  maintained  at  a  tempera¬ 
ture  of  —80°  F.  for  a  period  of  48 
hours,  at  which  time  the  equipment 
should  be  examined  in  accordance 
with  paragraph  B2.  The  temperature 
of  the  chamber  should  then  be  raised 
to  —65°  F.  and  maintained  for  an 
additional  24-hour  period,  or  until 
temperature  stabilization  is  reached 
(see  par.  A4),  whichever  is  the  longer. 
At  the  conclusion  of  this  exposure 
period  and  while  at  this  temperature, 
the  equipment  should  be  operated  and 
the  results  checked  against  the  data 
obtained  in  paragraph  Bl  and  visually 
examined  in  accordance  with  paragraph 
B2. 

3.  Temperature  shock  tests. — 

(o)  Method  /. — The  equipment  should  be 
placed  within  a  test  chamber  wherein  a 
temperature  of  185°  F.  is  maintained. 
The  equipment  should  be  subjected  to 
this  temperature  for  a  period  of  4 
hours,  at  the  conclusion  of  which,  and 
within  5  minutes,  the  equipment  should 
be  transferred  to  a  chamber  having  an 
internal  temperature  of  —40°  F.  The 
equipment  should  be  subjected  to  this 
temperature  for  a  period  of  4  hours. 
This  completes  one  cycle.  The  equip¬ 
ment  may  be  restored  to  room  tem¬ 
perature  before  starting  the  next  cycle. 
The  number  of  complete  cycles  should 
be  three.  At  the  conclusion  of  the 
third  cyile,  the  equipment  should  be 
removed  from  the  test  chamber  and 
within  a  period  of  1  hour  operated 
and  the  results  checked  against  the 
data  obtained  in  paragraph  Bl.  A 
visual  examination  should  then  be 
completed  in  accordance  with  para¬ 
graph  B2. 

(b)  Method  II  (aliemate  to  Method  I).— 
The  equipment  should  be  placed  with¬ 


in  the  test  chamber  and  maintained  for 
a  period  of  at  least  1  hour  or  until 
the  equipment  performance  stabilizes 
at  a  temperature  of  77°  ±27°  F.  The 
chamber  temperature  should  then  be 
reduced  to  —  67°  F.  and  maintained  at 
this  condition  for  ^.t  least  1  hour  or 
until  the  equipment  performance  sta¬ 
bilizes.  The  internal  temperature  of 
the  chamber  should  then  be  increased 
to  160°  F.  and  maintained  at  this  con¬ 
dition  for  at  least  1  hour  or  until  the 
equipment  performance  stabilizes.  The 
internal  temperature  should  then  be 
returned  to  77°  ±27°  F.  and  the  per¬ 
formance  of  the  equipment  checked 
against  data  obtained  in  paragraph  Bl. 

4.  Humidity  tests. — 

(a)  Method  I. — The  equipment  should  be 
placed  in  the  test  chamber  and  set  up 
to  simulate  installed  conditions.  The 
chamber  temperature  should  be  be¬ 
tween  68°  F.  and  100°  F.  with  uncon¬ 
trolled  humidity.  During  the  first 
2-hour  period  the  temperature  should 
be  gradually  raised  to  160°  F.  The 
160°  F.  temperature  should  be  main¬ 
tained  during  the  next  6-hour  period. 
During  the  following  16-hour  period, 
the  temperature  in  the  chamber  should 
be  gradually  reduced  to  between  68° 
F.  and  100°  F.,  which  constitutes  one 
cycle.  The  relative  humidity  through¬ 
out  the  cycle  should  be  95  percent. 
The  cycle  should  be  repeated  a  sufil- 
cient  number  of  times  to  extend  the 
total  time  of  the  test  to  240  hours  (10 
cycles).  At  the  conclusion  of  the  240- 
hour  period,  the  equipment  should  be 
operated  and  the  data  checked  against 
that  obtained  in  paragraph  Bl,  and  a 
visual  examination  made  in  accordance 
with  paragraph  B2.  Distilled  or  de¬ 
mineralized  water  having  a  pH  value 
of  between  6.5  and  7.5  at  77°  F.  should 
be  used  to  obtain  the  desired  humidity. 
The  velocity  of  the  air  throughout  the 
test  area  should  not  exceed  150  feet  per 
minute. 

(h)  Method  II  (aliemate  to  Method  I). — 
The  equipment  should  be  placed  in  the 
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test  chamber  and  set  up  to  simulate 
installed  conditions.  The  temperature 
and  relative  humidity  in  the  chamber 
should  be  120*’  F.  and  95  percent 
respectively.  The  test  conditions 
should  be  maintained  for  360 
hours.  At  the  conclusion  of  this  pe¬ 
riod,  the  equipment  should  be  oper¬ 
ated  and  the  results  checked  against 
those  obtained  in  paragraph  Bl.  An 
examination  in  accordance  with  para¬ 
graph  B2  should  then  be  made. 

5.  Altitude  test. — The  equipment  should  be 
placed  within  the  test  chamber  and  the  internal 
pressure  of  the  chamber  reduced  to  correspond 
to  an  altitude  exceeding  by  15  percent  the 
maximum  altitude  to  which  the  equipment 
would  be  exposed  in  normal  service.  The 
ambient  temperature  in  the  chamber  (irrespec¬ 
tive  of  test  altitude)  should  be  —65“  F.  The 
equipment  should  be  maintained  at  this  condi¬ 
tion  until  temperature  stabilized  (see  par.  A4). 
While  at  this  condition,  the  equipment  should 
be  operated  and  the  results  checked  against 
those  obtained  in  paragraph  Bl. 

6.  Vibration  tests. — 

(o)  Method  I  {Apply  to  items  oj  equipment 
which  mount  directly  on  the  structure  oj 
aircraft  powered  by  reciprocating,  turbo¬ 
jet  or  turbo-propeller  engines  and  to 
items  of  equipment  which  mount  di¬ 
rectly  on  gas  turbine  engines). — ^The 
test  specimen  should  be  mounted  on 
the  apparatus  in  a  manner  which  is 
dynamically  similar  to  the  most  severe 
condition  likely  to  be  encountered  in 
service.  The  test  specimen  should  be 
performing  its  function  during  the 
entire  test  period  whenever  practicable. 
At  the  end  of  the  test  period,  the  test 
specimen  should  be  inspected  thor¬ 
oughly  for  damage  or  defects  resulting 
from  the  vibration  tests.  The  ampli¬ 
tude  or  acceleration  for  the  frequency 
cycling  test  should  be  within  ±10 
percent  of  the  specified  values.  Vi¬ 
bration  tests  should  be  conducted 
under  both  resonant  and  cycling  con¬ 
ditions  according  to  the  following  vi¬ 
bration  test  schedule  (table  1) : 


Table  I. — Vibbation  Test  Schedule 


VIbntlOD  at— 


Type 

Room 

temp. 

160'  F. 

-64'  F. 

(A#(n- 

(Min-  1 

(Min- 

uUt) 

uta) 

via) 

Resonance _ 

60 

15 

15 

Cycling . . . 

60 

15 

15 

Note;  Times  shown  refer  to  one  axis  of  vibration. 


(i)  Resonance. — Resonant  frequen¬ 
cies  of  the  test  specimen  should 
be  determined  by  varying  the 
frequency  of  applied  vibration 
slowly  through  the  specified 
range  of  frequencies  at  vibratory 
accelerations  not  exceeding 
those  shown  in  figure  1.  In¬ 
dividual  resonant  frequency  sur¬ 
veys  should  be  conducted  with 
vibration  applied  along  each  of 
any  set  of  three  mutually  per¬ 
pendicular  axes  of  the  test 
specimen.  Whenever  practica¬ 
ble,  functioning  of  the  test  speci¬ 
men  should  be  checked  (against 
the  data  obtained  in  par.  Bl) 
concurrently  with  the  operation 
of  scanning  the  frequency  range 
for  resonant  frequencies.  The 
test  specimen  should  be  vibrated 
at  the  indicated  resonant  con¬ 
ditions  for  the  periods  shown  in 
the  vibration  test  schedule  (table 
1)  and  with  the  applied  double 
amplitude  or  vibratory  accelera¬ 
tion  specified  in  figure  1 .  These 
periods  of  vibration  should  be 
accomplished  with  vibration  ap¬ 
plied  along  each  of  three  mutu¬ 
ally  perpendicular  axes  of  vibra¬ 
tion.  When  more  than  one 
resonant  frequency  is  encoun¬ 
tered  with  vibration  applied 
along  any  one  axis,  the  test 
period  may  be  accomplished  at 
the  most  severe  resonance  or  the 
period  may  be  divided  among 
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the  resonant  frequencies,  which¬ 
ever  is  considered  most  likely 
to  produce  failure.  However, 
in  no  instance  should  the  speci¬ 
men  be  vibrated  on  any  resonant 
mode  for  periods  less  than  half 
as  long  as  those  shown  for 
resonance  in  the  vibration  test 
schedule.  When  resonant  fre¬ 
quencies  are  not  apparent  within 
the  specified  frequency  range, 
the  specimen  should  be  vibrated 
for  periods  twice  as  long  as 
those  shown  for  resonance  in  the 
vibration  test  schedule  (table 
1)  at  a  frequency  of  55  cps. 
and  an  applied  double  amplitude 
of  0.060  inch. 

(u)  Oyding. — For  test  specimens 
mounted  on  vibration  isolators, 
a  vibration  test  should  be  con¬ 
ducted  with  a  constant  applied 
double  amplitude  of  0.060  inch 
and  the  frequency  cycling  be¬ 
tween  10  and  55  cps.  in  1-minute 
cycles.  Vibration  should  be  ap¬ 
plied  along  each  of  three  mutu¬ 
ally  perpendicular  axes  accord¬ 
ing  to  the  vibration  test  sched¬ 
ule  (table  1).  For  specimens 
which  are  to  be  installed  in  air¬ 
craft  without  vibration  isolators, 
a  vibration  test  should  be  con¬ 
ducted  with  the  frequency  cycl¬ 
ing  between  10  and  500  cps.  in  15- 
minute  cycles  at  an  applied 
double  amplitude  of  0.036  inch 
or  an  applied  acceleration  of 
db  1(^,  whichever  is  the  limiting 
value.  Vibration  should  be  ap¬ 
plied  along  each  of  three  mutu¬ 
ally  perpendicular  axes  accord¬ 
ing  to  the  vibration  teat  schedule 
(table  1). 

(b)  Method  II  {Apply  to  items  of  equip¬ 
ment  which  mount  directly  to  reeipro- 
eating  engines) . — The  test  specimen 
should  be  mounted  on  the  apparatus  in 


a  position  d3mamicaily  similar  to  the 
most  severe  mounting  likely  to  be  used 
in  service.  Resonant  frequencies  of 
the  test  specimen  should  be  determined 
by  varying  the  frequency  of  applied 
vibration  slowly  through  the  specified 
frequency  range  at  vibratory  accelera¬ 
tions  not  exceeding  those  shown  in 
figure  1.  Individual  resonant  fre¬ 
quency  surveys  should  be  conducted 
with  vibration  applied  along  each  of 
any  set  of  three  perpendicular  axes  of 
the  test  specimen.  Whenever  prac¬ 
ticable,  the  functioning  of  the  test 
specimen  should  be  checked  (against 
the  data  obtained  in  par.  Bl)  concur¬ 
rently  with  the  operation  of  scanning 
the  frequency  range  for  resonant  fre¬ 
quencies.  If  resonant  frequencies  are 
encoimtered,  the  test  specimen  should 
be  vibrated  successively  along  each  of 
three  mutiudly  perpendicular  axes  for 
4  hours  at  the  resonant  conditions  with 
the  applied  double  amplitude  or  vibra¬ 
tory  acceleration  shown  in  figure  1. 
When  more  than  one  resonant  fre¬ 
quency  is  encountered  with  vibration 
applied  along  any  one  axis,  the  test 
period  may  be  carried  out  at  the  most 
severe  resonance,  or  the  period  may  be 
divided  uniformly  among  the  resonant 
frequencies,  whichever  procedure  is 
considered  most  likely  to  produce 
failure.  When  clearly  defined  reso¬ 
nant  frequencies  are  not  encountered 
within  the  specified  frequency  range, 
the  test  specimen  should  be  vibrated 
for  12  hours  along  each  of  its  mutually 
perpendicular  axes  at  an  applied 
double  amplitude  of  0.018  inch  and  a 
frequency  of  150  cycles  per  second. 
The  test  specimen  should  be  perform¬ 
ing  its  function  during  the  entire  test 
period  whenever  practicable.  At  the 
end  of  the  test  period  the  test  specimen 
should  be  inspected  thoroughly  for 
damage  or  defects  resulting  from  the 
vibration  tests. 
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7.  Ftmgw  resistance  test. — Five  groups  of 
fungi  are  listed  below,  and.  one  species  of  fungus 
from  each  group  should  be  used.  In  the  prepa¬ 
ration  of  the  spore  suspension,  distilled  water 
having  a  pH  value  between  5.8  and  7.2  at 
temperatures  between  72**  F.  and  89**  F.  should 
be  used.  Approximately  10  ml.  of  distilled 
water  should  then  be  introduced  directly  into 
a  tube  culture  of  the  fungus  and  the  spores 
brought  into  suspension  by  vigorous  shaking 
or  by  gentle  rubbing  of  the  spore  layer  with  an 
inoculating  loop  without  disturbing  the  agar 
surface.  This  process  is  repeated  for  each 
species  of  fungus.  The  separate*  spore  sus¬ 
pensions  from  the  five  species  of  fungi  should 


be  mixed  together  to  provide  a  composite  sus¬ 
pension.  Actively  sporulating  cultures  between 
7  and  21  days  old  after  initial  inoculation 
should  be  used  for  the  preparation  of  the  spore 
suspension.  After  preparation  the  spore  sus¬ 
pension  should  not  be  kept  for  more  than  a 
24-hour  period  at  temperatures  between  72**  F. 
and  89**  F.  and  not  more  than  48  hours  at 
refrigerator  temperatures  of  35**  F.  to  45°  F. 
The  equipment,  including  applicable  external 
connections,  should  be  placed  in  a  chamber 
maintaining  an  internal  temperature  of  86°  ± 
3.6°  F.  and  a  relative  humidity  of  95  ±5  per¬ 
cent,  and  sprayed  with  the  suspension  of  mixed 
spores.  The  test  period  should  be  28  days.  At 
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the  end  of  the  test  period  the  test  item  should 
be  examined  visually  in  accordance  with  para¬ 
graph  B2. 

(а)  Organisms. — 

Group  I —  Chaetomium  globosum 
USDA  1042.4  or 
Myrothecium  verruearia 
USDA  1334.2 

Group  II —  Rhizopus  nigricans  S.  N. 
32  or 

Aspergillus  niger  USDA 
Tc2 16-4247 

Group  III — Aspergillus  flams  WADC 
No.  26  or 
Aspergillus  terreus 
PQMD  82J 

Group  IV — Penicillium  luleum 
USDA  1336.1, 
Penicillium  sp.  USDA 
1336.2,  or 

Penicillium  cUrinum 
ATCC  9849 

Group  V —  MemnonieUa  eehinala 
WADC  No.  37  or 
Fusarium  moniliforme 
USDA  1004.1 

(б)  Stock  cuUure  designations  and  sources. — 


Symbols 

Source 

USDA 

U.  S.  Dept,  of  Agricul¬ 
ture,  Beltsville,  Md. 

ATCC 

American  Type  Culture 
Collection,  2029  M 

Street,  NW.,  Washing¬ 
ton  6,  D.  C. 

PQMD 

Philadelphia  Q.  M.  De¬ 
pot,  2800  South  20th 
Street,  Philadelphia,  Pa. 

WADC 

Wright  Air  Develop¬ 
ment  Center,  Materials 
Laboratory,  Wright- 
Patterson  Air  Force 

Base,  Ohio. 

S.N. 

Dr.  W.  B.  Weston, 
Biological  Laboratories, 
Harvard  University, 
Cambridge,  Mass. 

8.  Salt  spray  test. — 

(a)  Apparatus. — Apparatus  used  in  the 
salt  spray  test  should  include  the  fol¬ 
lowing: 

(i)  Exposure  chamber  with  racks 
for  supporting  specimens. 

(ii)  Salt  solution  reservoir. 

(iii)  Means  for  atomizing  salt  solu¬ 
tion,  including  suitable  nozzles 
and  compressed  air  supply. 

(iv)  Chamber  heating  means  and 
control. 

(v)  Means  for  humidifying  the  com¬ 
pressed  air  at  a  temperature 
above  the  chamber  temperature. 

(b)  Chamber. — The  chamber  and  all  ac¬ 
cessories  should  be  made  of  material 
which  will  not  affect  the  corrosiveness 
of  the  fog,  such  as  glass,  hard  rubber, 
plastic,  or  wood  other  than  plywood. 
In  addition,  all  parts  which  come  in 
contact  with  test  items  should  be  of 
materials  that  will  not  cause  electro¬ 
lytic  corrosion.  The  chamber  and  ac¬ 
cessories  should  be  so  constructed  and 
arranged  that  there  is  no  direct  im¬ 
pinging  of  the  spray  or  dripping  of  the 
condensate  on  the  test  items,  that  the 
spray  circulates  freely  about  all  items 
to  the  same  degree  and  that  no  liquid 
which  has  come  in  contact  with  the 
test  specimens  returns  to  the  salt 
solution  reservoir.  The  chamber 
should  be  properly  vented. 

(c)  Atomizers. — The  atomizers  used  should 
be  of  such  design  and  construction  as 
to  produce  a  finely  divided,  wet,  dense 
fog. 

(d)  Air  supply. — The  compressed  air  en¬ 
tering  the  atomizers  should  be  free 
from  all  impurities  such  as  oil  and  dirt. 
Means  should  be  provided  to  humidify 
and  warm  the  compressed  air  as  re¬ 
quired  to  meet  the  operating  condi¬ 
tions.  The  air  pressure  should  be 
suitable  to  produce  a  finely  divided 
dense  fog  with  the  atomizer  or  atom¬ 
izers  used.  To  insure  against  clogging 
the  atomizers  by  salt  deposition,  the 
air  should  have  a  relative  humidity  of 
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at  least  85  percent  at  the  point  of 
release  from  the  nozzle.  A  satisfac¬ 
tory  method  is  to  pass  the  air  in  very 
fine  bubbles  through  a  tower  contain¬ 
ing  heated  water.  The  temperature  of 
the  water  should  be  95°  F.  and  often 
higher.  The  permissible  temperature 
increases  with  increasing  volume  of 
sir  and  with  decreasing  heat  insulation 
of  the  chamber  and  temperature  of  its 
surroundings.  It  should  not  exceed  a 
value  above  which  an  excess  of  mois¬ 
ture  is  introduced  into  the  chamber 
(for  example,  109°  F.  at  an  air  pressure 
of  12  psi)  or  a  value  which  makes  it 
impossible  to  meet  the  requirement 
for  operating  temperature. 

(e)  Salt  solution.  The  salt  used  should  be 
sodium  chloride  containing  on  the  dry 
basis  not  more  than  0.1  percent  of 
sodium  iodide  and  not  more  than  0.2 
percent  of  total  impurities.  The  solu¬ 
tion  should  be  prepared  by  dissolving 
20  ±2  parts  by  weight  of  salt  in  80 
parts  by  weight  of  distilled  or  other 
water  containing  not  more  than  200 
parts  per  million  of  total  solids.  The 
solution  should  be  kept  free  from  solids 
by  filtration  or  decantation.  The  solu¬ 
tion  should  be  adjusted  to  and  main¬ 
tained  at  a  specific  gravity  of  from 
1.126  to  1.157  and  at  a  pH  of  between 
6.5  to  7.2  when  measured  at  a  tempera¬ 
ture  between  92°  F.  and  97°  F.  Only 
C.  P.  hydrochloric  acid  or  C.  P. 
sodium  hydroxide  should  be  used  to 
adjust  the  pH.  The  pH  measurement 
should  be  made  electrometrically  using 
a  glass  electrode  with  a  saturated 
potassium  chloride  bridge  or  by  a 
colorimetric  method  such  as  bromo- 
thynol  blue  provided  the  results  are 
equivalent  to  those  obtained  with  the 
electrometric  method. 

(/)  Operating  conditions. — 

(i)  Temperature. — The  ♦est  should 
be  conducted  vrith  a  tempera¬ 
ture  in  the  exposure  zone  main¬ 
tained  at  95°  F.  Satisfactory 
methods  for  controlling  the 


temperature  accurately  are  by 
housing  the  apparatus  in  a 
properly  controlled  constant- 
temperature  room,  by  thor¬ 
oughly  insulating  the  apparatus 
and  preheating  the  air  to  the 
proper  temperature  prior  to 
atomization  and  by  jacketing 
the  apparatus  and  controlling 
the  temperature  of  the  water 
or  of  the  air  used.  Immersion 
heaters  should  not  be  used  to 
maintain  the  temperature  with¬ 
in  the  chamber. 

(ii)  Atomization. — The  conditions 
maintained  in  all  parts  of  the 
exposure  zone  should  be  such 
that  a  suitable  receptacle 
placed  at  any  point  in  the  ex¬ 
posure  zone  will  collect  from 
0.5  to  3  ml.  of  solution  per 
hour  for  each  30  sq.  cm.  of 
horizontal  collecting  area  (10 
cm.  diameter)  based  on  an 
average  of  at  least  16  hours. 
The  solution  thus  collected 
shall  have  a  sodium  chloride 
content  of  from  18  to  22  percent 
(specific  gravity  of  from  1.126 
to  1.157  when  measured  at  a 
temperature  between  91.4  and 
96.8°  F.).  At  least  two  clean 
fog  collecting  receptacles  should 
be  used,  one  placed  nearest  to 
any  nozzle  and  one  farthest 
from  all  nozzles.  Receptacles 
should  be  fastened  so  that  they 
are  not  shielded  by  specimens 
and  so  that  no  drops  of  solution 
from  specimens  or  other  sources 
will  be  collected.  When  using 
nozzles  made  of  material  non¬ 
reactive  to  the  salt  solution, 
suitable  atomization  has  been 
obtained  in  boxes  having  a 
volume  of  less  than  12  cubic  feet 
with  the  following  conditions; 
Nozzle  pressure  between  12 
and  18  pounds  per  square  inch; 
orifices  between  0.02  and  0.03 
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inch  in  diuneter;  atomization 
approximately  3  quarts  of 
the  salt  solution  per  10  cubic 
feet  of  box  volume  per  24  hours. 
When  ufing  large  size  boxes 
having  a  volume  considerably 
in  excess  of  12  cubic  feet,  these 
conditions  may  have  to  be 
modified  to  meet  the  require¬ 
ments  for  operating  conditions, 
(iii)  PrejMraiion  oj  equipnunt. — ^The 
equipment  should  be  mounted 
in  the  chamber  and  electrical 
and  mechanical  connections 
completed  where  operation  is 
required  during  the  test  period. 
Access  covers  and  inspection 
plates  should  be  in  place  except 
when  such  covers  would  nor¬ 
mally  be  removed  for  service 
use.  When  operation  is  not 
required,  external  connections 
may  be  plugged  to  simulate 
actual  service  conditions. 

(g)  Coneltuion. — ^The  length  of  the  salt 
spray  test  should  be  not  less  than  50 
hours.  At  the  end  of  the  test  period, 
the  equipment  should  be  operated  and 
the  results  checked  against  the  data 
obtained  in  paragraph  Bl.  Salt  de¬ 
posits  resulting  from  the  test  con- 
ditk>ns  may  be  removed  prior  to  oper¬ 
ation.  A  visual  examination  should 
be  conducted  in  accordance  with  para- 
gnq>h  B2. 

9.  Sand  and  dust  tests. — The  equipment 
dbould  be  placed  within  the  test  chamber  and 
the  sand  and  dust  density  rused  and  main¬ 
tained  at  0.1  to  0.5  grams  per  cubic  foot  within 
the  test  space.  The  relative  humidity  should 
iK>t  exceed  30  percent  at  any  time  during  the 
test.  Sand  and  dust  used  in  the  test  should  be  of 
angular  structure  and  should  have  charac¬ 
teristics  as  follows: 

(a)  100  percent  of  the  sand  and  dust 
should  pass  through  a  100-mesh  screen, 
U.  S.  Standard  Sieve  Series. 

(b)  98±2  percent  of  the  sand  and  dust 
should  pass  through  a  140^esh  screen, 
U.  S.  Standard  Sieve  Series. 


(e)  90  ±2  percent  of  the  sand  and  dust 
should  pass  through  a  200-inesh  screen, 
U.  S.  Standard  Sieve  Series. 

(d)  75 ±2  percent  of  the  sand  and  dust 
should  pass  through  a  325-mesh  screen, 
U.  S.  Standard  Sieve  Series. 

(e)  Chemical  analysis  of  the  dust  should 
be  as  follows: 


Substance 

Percent  by  Weight 

SiO, . . 

- . 97  to  99 

Fejf)». . 

--  0  to  2 

AljOi . 

_  0  to  1 

TiO, . 

. .  0to2 

MgO . . 

.  0  to  1 

Ign  Losses. . . 

.  0  to  2 

The  internal  temperature  of  the  test 
chamber  should  be  maintained  at 
77®  F.  for  a  period  of  6  hours  with 
sand  and  dust  velocity  through  the 
test  chamber  between  100  and  500 
feet  per  minute.  After  6  hours  at  these 
conditions,  the  temperature  should  be 
raised  to  and  maintained  at  160°  F. 
These  conditions  should  be  maintained 
for  6  hours.  At  the  end  of  this  test 
period,  the  equipment  should  be  re¬ 
moved  and  alUowed  to  cool  to  room 
temperature.  When  cooled  to  room 
temperature,  the  equipment  should  be 
operated  and  the  results  checked 
against  those  obtained  in  paragraph 
Bl.  An  examination  in  accordance 
with  paragraph  B2  should  be  con¬ 
ducted. 

10.  Shock  test. — The  equipment  should  be 
subjected  to  the  shock  conditions  as  normally 
used  in  service,  including  any  shock  mount 
assembly.  A  shock  testing  machine  conforming 
to  Military  Specification  MIL-S-4456  is  suit¬ 
able  for  this  test. 

The  test  specimen  should  be  subjected  to  18 
impact  shocks  of  lOg,  each  shock  impulse  having 
a  time  duration  of  11  ±1  milliseconds.  The 
intensity  should  be  within  ±10  percent  when 
measur^  with  a  filter  having  a  band  width  of 
5  to  100  cycles  per  second.  The  ma.ximum  g 
should  be  reached  in  approximately  5H  milli¬ 
seconds.  The  shock  should  be  applied  in  the 
foUowing  directions: 
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(а)  Vertically,  3  shocks  in  each  direction. 

(б)  Parallel  to  the  major  horizontal  axis, 
3  shocks  in  each  direction. 

(c)  Parallel  to  the  minor  horizontal  axis, 
3  shocks  in  each  direction. 

The  test  specimen  should  not  suffer  damage. 

The  equipment  should  be  operated  and  the 
results  checked  against  those  obtained  in  para¬ 
graph  Bl.  An  examination  in  accordance  with 
paragraph  B2  should  be  conducted. 

11.  Acceleration  test. — The  test  specimen 
should  be  mounted  on  the  apparatus  (centri¬ 


fuge)  successively  in  three  positions  so  that  each 
of  the  three  major  axes  of  the  test  specimen  in 
turn  extend  in  a  radial  direction  with  respect  to 
the  centrifuge  center  of  rotation.  A  1 5g  acceler¬ 
ation  should  be  attained,  stabilized,  and  main¬ 
tained  for  a  period  of  not  less  than  one  minute 
for  each  position.  Functional  tests  should  be 
conducted  during  application  of  the  acceleration 
to  assure  that  safe  performance  (refer  to  par. 
Bl )  of  the  equipment  is  obtained.  There  should 
be  no  mechanical  failures  or  malfunctions  due  to 
the  applied  acceleration. 


Addendum 
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NOTE 

Part  4b  of  the  dril  Air  Regnlatioits  was  last  published  by  the  Ciril  Aero¬ 
nautics  Board  December  31, 1953.  This  was  not  a  general  revinon  of  the  part, 
bat  only  a  recapitalatkm  of  the  part  to  incorporate  ontstanding  amendments. 
It  was  not  pnblbdied  in  the  Federal  Register. 
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Miaoellaiieoiu  Amendnients  Adopted:  Apr.  13,  1954 

Effective:  May  18,  1954 
Published:  Apr.  20,  1954 
(19  F.R.  2249) 

A  study  of  the  adminbtrative  portions  of  Part  4b  of  the  Civil  Air  Regulations  indicates 
that  they  do  not  set  forth  in  sufficient  detail  and  clarity  the  scope  of  the  part  and  the  choice 
of  regulations  applicable  to  issuance  of  and  changes  in  type  certificates.  This  has  caused 
some  difficulty  in  the  administration  of  the  regulations  with  respect  to  these  matters.  This 
amendment  is  concerned  mainly  with  setting  forth  clearly  the  scope  of  the  part,  section  4.0, 
and  those  regulations  that  are  applicable  to  the  issuance  of  and  change  to  a  type  certificate. 
It  also  makes  several  other  changes. 

Although  no  basic  change  in  policy  from  that  followed  in  the  past  is  contemplated,  this 
amendment  specifies  in  more  detail  the  prerogatives  of  the  applicant  in  choosing  the  regula¬ 
tions.  It  should  be  noted  that  the  rules  regarding  the  designation  of  applicable  regulations, 
section  4b.  11,  apply  not  only  to  a  new  airplane  type  for  which  application  for  type  certificate 
is  made  but  also  to  all  types  irrespective  of  the  date  of  original  application  for  a  type  certifi¬ 
cate.  For  example,  the  provisions  which  require,  or  which  permit  the  applicant  to  elect, 
compliance  with  newer  regulations  would  be  effective  not  only  to  new  type  airplanes  but  also 
to  aU  existing  types  certificated  under  this  part.  This  provision  in  no  wav  negates  the  long 
standing  rule  that,  except  in  unusual  cases,  the  airplane  need  not  comply  with  any  regulations 
made  effective  subsequent  to  the  date  of  application  for  a  type  certificate.  A  significant 
clarification  is  being  made  which  defines  those  changes  in  an  airplane  type  which  are  suffi¬ 
ciently  extensive  to  warrant  treating  it  as  a  new  type.  Another  important  change  is  the 
establishment  of  a  time  limitation  of  5  years  for  the  effectiveness  of  an  application  for  type 
certification.  The  amendments  to  the  other  administrative  provisions,  sections  4.12,  4.13, 
and  4.19,  also  include  minor  changes  for  purposes  of  clarification. 

The  presently  effective  regulations  provide  for  the  location  of  the  pilot  and  his  controls 
and  instruments  with  respect  to  the  plane  of  rotation  of  the  propellers,  etc.  Since  in  certain 
instances  the  airworthiness  regulations  require  Alight  crew  personnel  in  addition  to  the  pilot, 
these  provisions  (sections  4b.350, 4b.361,  and  4b.353)  are  being  amended  to  make  them  appli¬ 
cable  to  the  minimum  flight  crew  which  is  required  for  safe  operation  of  the  airplane. 

Part  4b  does  not  contain  specific  criteria  for  the  installation  of  reversible  propeller 
control  systems.  This  amendment  adds  section  4b.407  which  requires  the  application  of  the 
principle  of  fail-safe  design  to  propeller  reversing  systems  in  newly  certificated  transport 
category  airplanes.  The  intent  of  the  rule  is  to  preclude  unwanted  reversing  of  the  propeller 
during  normal  or  emergency  operation  in  case  of  a  sing^  failure  or  malfunction  of  the  system. 
It  is  also  intended  that  single  failures  or  malfunctions  be  considered  in  conjunction  with 
manipulation  of  the  controls  by  the  pilot,  and  that  failure  of  primary  structural  parts,  the 
occurrence  of  which  is  expected  to  be  extremely  remote,  need  not  be  considered. 

A  change  is  being  made  to  the  requirements  which  establish  the  power  supply  needed  for 
operation  of  equipment,  systems,  and  installations  during  normal  and  power  failure  condi¬ 
tions.  The  change  makes  clear  that  the  essential  power  load  requirements  under  power 
failure  conditions  may  be  reduced  in  conjunction  with  a  monitoring  procedure  and,  for  the 
two-engine-inoperative  condition,  permits  taking  into  account  for  power  supply  requirements 
only  those  loads  which  are  necessary  for  controlled  flight. 

Several  additional  changes  of  relatively  minor  nature  are  being  made  with  the  intent  of 
clarifying  the  regulations. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in  the  making  of 
this  amendment,  and  due  consideration  has  been  given  to  all  relevant  matter  presented. 

Amendment  made  the  following  changes: 

(1)  Amended  sections  4b.O,  ^.11,  4b.l2,  4b.l3,  4b.l9,  4b.350,  4b.351, 
4b.353,  4b^2,  4b.604,  and  4b.606;  and 

(2)  Added  section  4b.4p7. 
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Ameodment  4b-2 

Miscellaaeoua  Amendments  Adopted:  July  20,  1935 

Effective:  Aug.  25,  1955 
Published:  July  26,  1955 
(20  F.R.  5303) 

This  amendment  includes  a  number  of  significant  changes  which  are  considered  to  repre¬ 
sent  the  initial  step  in  the  development  of  airworthiness  requirements  more  specifically 
applicable  to  turbine-powered  transport  category  airplanes.  These  entail  revisions  to  the 
flight,  structural,  and  powerplant  installation  provisions  and  in  most  cases  are  generally 
applicable  to  transport  category  airplanes,  irrespective  of  the  type  of  powerplant  used.  The 
most  significant  changes  in  the  flight  provisions  which  cater  to  turbine-powered  airplanes 
deal  with  the  establishment  of  limiting  climb  speeds  for  the  all-engine-operating  landing  con- 
flguration  in  section  4b.  119  and  for  the  one-engine-inoperative  approach  configuration  in 
section  4b.  120.  No  limiting  speeds  are  prescribed  for  these  configurations  in  the  currently 
effective  regulations.  In  view  of  the  fact  that  the  best  climb  speeds  for  jet-powered  air¬ 
planes  might  be  considerably  higher  than  the  operational  landing  speed,  these  changes  are 
designed  to  assure  a  reasonable  relationship  between  the  climb  speeds  and  the  landing  speed. 

Other  revisions  of  the  flight  provisions  include  changes  in  the  take-off  speed  requirements  of 
section  4b.ll4,  in  the  trim  requirements  of  sections  4b.l41  and  4b. 142,  and  in  the  stability 
requirements  of  sections  4b.l54  and  4b.l55. 

Among  the  changes  in  the  structural  requirements  is  a  new  provision  in  section  4b.216(a) 
which  is  more  specifically  applicable  to  turbine-propeller-fmwered  airplanes.  It  prescribes 
taking  into  account  the  high  torque  which  might  occur  from  possible  unwanted  feathering  of 
a  propeller  under  full  power. 

In  addition  there  are  other  changes  to  the  structural  provisions  which  are  generally  ap¬ 
plicable.  These  involve  a  requirement  in  new  section  4b.216(d)  which  prescribes  considers^ 
tion  of  the  unsymmetrical  tail  loads  which  might  be  caused  by  propeller  drag  as  a  result  of 
possible  time  delay  between  engine  failure  and  feathering  of  the  propeller,  a  requirement  in 
section  4b.210(b)  (4)  allowing  the  applicant  to  limit  V,  at  altitudes  where  Vs  is  limited  by 
Mach  number,  and  a  requirement  in  section  4b.231(a)  which  prescribes  ah  investigation  of 
the  landing  gear  for  loads  resulting  from  the  higher  contact  speeds  at  altitudes  and  during 
downwind  landings  when  the  approval  of  landings  above  5,000  feet  or  landings  in  downwinds 
exceeding  10  mph,  respectively,  is  sought. 

There  are  included  amendments  with  respect  to  the  installation  of  smoke  detectors  in 
cargo  compartments.  The  currently  effective  rules  in  Part  4b  require  the  installation  of 
smoke  detectors  in  cargo  compartments  “B”,  “C”,  and  “D”.  In  addition,  the  currently 
effective  provisions  in  the  air  carrier  operating  parts  of  the  Civil  Air  Regulations  require,  on 
all  passenger  airplanes  with  engines  of  over  600  horsepower,  the  installation  of  smoke  detec¬ 
tors  in  "B”  and  “C”  compartments.  On  the  other  hand,  pending  further  development  of 
reliable  smoke  detectors.  Special  Civil  Air  Regulation  No.  SR-401  permits  noncompliance 
with  the  smoke  detector  provisions  in  Part  4b  and  in  the  operating  parts  of  the  regulations 
until  April  1,  1956.  This  amendment  revises  sections  4b.383  (b)(2),  (c)(1)  (i),  and  (d),  so 
that  heat-type  fire  detectors  may  be  installed  in  lieu  of  smoke  detectors  in  compartments 
“B”  and  “C”  and  no  detectors  need  be  installed  in  compartments  “D.”  Concurrently  with 
this  amendment.  Parts  40,  41,  and  42  are  being  amended  so  that  heat-type  fire  detectors  may 
be  installed  in  lieu  of  smoke  detectors  in  compartments  "B"  and  “C.” 

A  number  of  significant  changes  are  included  in  connection  with  the  powerplant  installa- 
tional  requirements  for  the  purpose  of  making  them  more  specifically  applicable  to  turbine- 
powered  airplanes.  In  this  regard  changes  are  made  to  sections  4b.460,  b4.480,  b4.483, 

4b.486,  4b.488,  and  4b.490.  These  changes  entail  several  new  provisions  designed  mainly 
for  the  protection  against  fire  in  turbine  powerplant  installations.  They  include  provisions 
against  overflow  of  combustible  fluids  in  the  induction  system,  provisions  which  specify 
the  compressor  and  accessory  section  of  the  turbine  engine  as  designated  fire  zones,  and  pro¬ 
visions  making  certain  requirements  of  the  presently  effective  regulations  for  designated  fire 
zones  applicable  to  the  combustion,  turbine,  and  tail  pipe  sections. 

In  addition,  section  4b.640  is  being  amended  to  incorporate  a  comprehensive  and  detailed 
set  of  standards  intended  to  provide  protection  in  types  of  icing  conditions  which  might  be 
aasonably  anticipated  during  normal  operations. 
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There  is  also  included  an  amendment  which  changes  section  4b. 740  so  that  each  airplane 
need  not  be  furnished  with  an  Airplane  Flight  Manual  if  such  a  manual  is  not  required  by 
the  op«rating  parts  of  the  Civil  Air  Regulations.  Concurrently  with  this  amendment,  Parts 
40,  41,  and  42  are  being  amended  to  require  the  carriage  of  an  approved  Airplane  Flight 
Manual  only  when  the  airplane  does  not  carry  an  operators’  manual  containing  all  the 
information  as  required  for  the  Airplane  Flight  Manual. 

In  addition  to  the  foregoing  substantive  changes,  there  are  included  a  number  of  mis- 
odlaneous  minor  changes  most  of  which  arc  editorial  or  of  a  clarifying  nature. 

Intweeted  persons  have  been  afforded  an  opportunity  to  participate  in  the  making  of 
this  amendment  (20  F.R.  339),  and  due  consideration  has  been  given  to  all  relevant  matter 
presented. 

Amendment  made  the  following  changes: 

(1)  Amended  sections  4b.l,  4b.ll4, 4b.ll9, 4b.l20, 4b.l41.  4b.l42,  4b.l54, 
4b.l55,  4b.210,  4b.212.  4bJll6,  4b.221,  4b.226,  4b.231,  4b.356,  4b.373. 
4b.383,  4b.386,  4b.401,  4b.404,  4b.417,  4b.418,  4b.420,  4b.460,  4b.480, 
4b.481,  4b.483.  4b.484,  4b.486,  4b.487,  4b.488,  4b.489,  4b.490,  4b.610, 
4b.612,  4b.632,  4b.634,  4b.640,  4b.643,  4b.712,  4b.732,  and  4b.740, 
and  the  Notice  under  figure  4b-20; 

(2)  Deleted  sections  4b.4S5,  4b.4S6,  and  4b.457;  and 

(3)  Added  figures  4b-24a,  4b-24b,  4b-24c,  4>-25a,  ^>-25b,  and  4b-25c. 


Amendment  4>-3 

Adopted:  Feb.  7,  1956 
Effective:  Mar.  13, 1956 
Published:  Feb.  11,  1956 
(21  F.R.  989) 

There  are  contained  herein  amendments  with  respect  to  various  issues  which  resulted 
from  the  1955  Annual  Airworthiness  Review. 

With  respect  to  the  flight  provisions,  section  4b.ll2  is  being  amended  to  permit  the  use 
of  the  minimum  speed  attained  during  the  stall  demonstration  in  determining  the  required 
climb  and  section  4b.  160  is  being  amended  to  permit  determination  of  the  demonstration 
stall  speed  in  terms  of  the  staU  warning  speed. 

The  currently  effective  gust  load  requirements  are  based  on  wing  loading.  Research 
in  past  years  indicated  that  gust  loads  are  more  closely  a  function  of  mass  parameter  than 
of  wing  loading.  For  this  reason,  there  is  being  included  an  amendment  incorporating  the 
m<»e  up-to-date  concept  of  “mass  parameter”  in  the  gust  load  requirements. 

In  new  section  4b.270  there  is  included  a  rule  which  establishes  more  specific  criteria 
for  fatigue  evaluation  of  flight  structure,  including  pressurised  cabins.  Among  other 
amendments  relative  to  the  structural  provisions  there  is  a  change  to  section  4b.210(c) 
which  establishes  more  realistic  criteria  for  evaluating  the  strength  of  the  airplane  at  weights 
in  the  vicinity  of  the  zero  fuel  weight.  The  new  criteria  for  zero  fuel  weight  are  applicable 
only  in  conjunction  with  the  application  of  the  new  gust  load  and  fatigue  evaluation  criteria. 
There  are  also  included  amendments  which  require  accounting  for  compressibility  effects  at 
all  speeds,  the  establishment  of  detailed  conditions  for  the  evaluation  of  gyroscopic  loads 
imposed  on  engine  mounts,  and  consideration  of  thermal  effects  on  the  structure. 

There  is  an  amendment  to  section  4b.230(b)  which  permits,  in  showing  compliance 
with  the  ground  load  requirements,  the  use  of  wing  lift  equal  to  the  weight  of  the  airplane 
instead  ct  only  two-thirds  of  the  weight  as  is  prescribed  by  the  currently  effective  regulations. 
To  compensate  for  the  relaxatory  effect  of  this  amendment,  other  complementary  changes 
are  being  made  in  several  of  the  other  ground  load  requirements. 

Three  changes  are  being  made  with  respect  to  provisions  pertaining  to  control  surfaces 
and  their  control  systems.  'Two  of  these  entail  changes  to  section  4b.320  which  require 
incorporation  of  design  features  or  the  marking  of  control  system  elements  to  minimize  the 
possibility  of  incorrect  assembly  and  which  require  tab  control  system  designs  to  be  such 
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th*t  a  failure  of  any  element  would  not  jeopardize  the  safety  of  flight.  The  third  change 
ia  to  section  4b.324  which  requires  application  of  the  fail  safe  philosophy  to  flap  actuating 
systems  incorporating  a  mechanical  interconnection  to  assure  against  hazardous  unsym- 
metrical  flap  extension. 

There  ia  included  a  change  to  section  4b.336  which  establishes  more  up-to-date  criteria 
for  the  selection  of  landing  gear  tires. 

The  currently  effective  requirements  of  section  4b.358  with  respect  to  the  restraining  of 
occupants  in  berths  by  safety  belts  are  considered  unrealistic.  A  change  in  these  provisions 
is  being  made,  which  excludes  safety  belts  in  berths  from  compliance  with  the  forward 
inertia  load  prescribed  for  emergency  landings,  and  instead,  requires  that  such  load  with 
respect  to  berth  occupants  be  reacted  by  means  of  a  padded  end  board,  a  canvas  diaphragm, 
or  other  equivalent  means. 

In  addition,  there  are  included  other  changes  which  are  relatively  minor,  clarifying,  or 
of  an  editorial  nature. 

Interested  ptersons  have  been  Skfforded  an  opportunity  to  participate  in  the  making  of 
this  amendment  (20  F.R.  8350),  and  due  consideration  has  been  given  to  all  relevant  matter 
presented. 

Amendment  made  the  following  changes: 

(1)  Amended  sections  4h.l04,  4b.l60,  4b.202,  4b.210,  4b.211, 

4b.212,  4b.213,  4b.215,  4b.216,  4b.230,  4b.231,  4b.232,  4b.235,  4b.306, 
4b.320,  4b.324,  4b.332,  4b.336,  4b.337,  4b.358,  4b.386,  4b.413,  4b.414, 
4b.420,  4b.421,  4b.424,  4b.430.  4b.431,  4b.435,  4b.437.  4b.451.  4b.604, 
4b.637,  4b.643,  4b.711,  4b.718,  and  4b.738,  and  figures  4b-l,  4b-3, 
4b-8,  4b-9,  4b-10,  and  4b-ll;  and 

(2)  Added  sections  4b.234a  and  4b.270. 


Amendment  4b-4 

Position  and  Anticollision  Light  Adopted:  Feb.  25,  1957 

Requirements  Effective:  Apr.  1,  1957 

Published:  Mar.  1,  1957 
(22  F.R.  1273) 

The  continuing  increase  in  air  traflSc  density  and  the  advent  of  airplanes  capable  of 
appreciably  higher  speeds  than  heretofore  attained  demand  further  improvement  in  the  ex¬ 
terior  lighting  of  aircraft.  The  presently  effective  regulations  in  Part  4b  of  the  Civil  Air 
Regulations  prescribe  certain  specifications  for  anticollision  lights  and,  in  addition,  require 
the  installation  of  a  position  light  flasher  and  prescribe  certain  specifications  for  position 
lights. 

The  presently  effective  specifications  for  anticollision  lights  contained  in  section  4b.637 
were  established  a  few  years  ago.  They  were  based  upon  conclusions  reached  from  experi¬ 
mentation  and  studies  conducted  by  both  industry  and  government.  The  use  on  a  relatively 
large  number  of  aircraft  of  lights  conforming  to  these  specifications  has  revealed  the  need  for 
further  modification.  Furthermore,  during  the  past  year  or  so  experimentation  has  led  to 
the  development  of  condenser-discharge  type  lights  which  appear  to  have  certain  advanta¬ 
geous  features.  The  inherent  characteristics  of  such  lights,  however,  do  not  permit  com¬ 
pliance  with  certain  of  the  specifications  presently  contained  in  section  4b.637.  The  Board 
considers  that  both  incandescent  and  condenser-discharge  lights  have  sufficient  advantages 
to  permit  th  'ir  use,  provided  that  the  design  features  essential  in  an  effective  anticoUision 
light  system  are  incorporated.  Accordingly,  section  4b.637  is  being  amended  to  include  new 
specifications  which  establish  in  more  detail  the  essential  features  of  an  anticollision  light 
and  which  at  the  same  time  are  suflSciently  broad  to  permit  the  use  of  new  lights  currently 
under  development. 

Experience  with  anticollision  lights  has  shown  that  the  relatively  high  intensity  of  these 
lights  may  have  a  deleterious  effect  on  the  visibility  of  the  position  lights,  particularly  if  the 
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latter  are  flashing.  Apparently  the  flashing  of  wing  and  tail  position  lights,  the  fuselage 
lights,  and  the  anticollision  lights  is  conducive  to  confusion  as  regards  the  direction  of  flight. 
Tests  have  shown  that  with  the  presently  used  system  the  clearest  indication  is  obtained 
when,  in  addition  to  the  flashing  anticollision  light,  the  lighting  system  is  limited  to  two 
wing  lights  and  a  white  tail  light,  and  when  these  three  position  lights  are  on  steady.  In 
view  of  the  foregoing,  the  provisions  of  section  4b.832  which  require  fuselage  lights,  red  tail  light, 
and  the  flasher  are  being  deleted.  Concurrently  with  this  amendment.  Part  40  of  the  Civil 
Air  Regulations  is  being  amended  to  delete  the  provision  for  flashing  position  lights. 

These  new  specifications  for  anticoUision  and  position  lights  will  be  applicable  to  all 
transport  category  airplanes  for  which  application  for  type  uertification  is  made  after  the 
effective  date  of  this  amendment.  However,  the  new  lighting  system  may  be  installed  on 
current  airplanes  on  a  voluntary  basis. 

It  is  considered  that  these  new  requirements  set  forth  necessary  and  sufficient  conditions 
for  anticollision  light  systems  to  provide  a  reasonable  level  of  safety.  However,  since 
these  requirements  entail  more  conditions  than  have  been  required  in  the  past,  experience 
with  them  on  individual  airplanes  might  indicate  the  need  for  future  revisions,  particularly 
with  respect  to  light  intensities  and  coverage.  Further,  as  current  research  and  development 
programs  progress,  the  question  of  color  of  the  light  might  need  reevaluation.  The  Board 
will  consider  any  necessary  changes  as  might  be  indicated  by  future  developments. 

Interested  persons  have  been  afforded  as  opportunity  to  participate  in  the  making  of 
this  amendment  (21  F.R.  3388),  and  due  consideration  has  been  given  to  all  relevant  matter 
presented. 

Amendment  made  the  following  changes: 

(1)  Amended  sections  4b.632,  4b.634,  and  4b.637,  and  figures  4b-18  and 

4b~20;  and 

(2)  Added  figure  4b-27. 


Amendment  4b-5 

Emergency  Evacuation  Provisions  Adopted:  ^  .r.  5, 1957 

Effective:  Apr.  9, 1957 
Published:  Mar.  9, 1957 
(22  F.R  1546) 

The  presently  effective  emergency  evacuation  provisions  contained  in  section  4b. 362 
of  Part  4b  of  the  Civil  Air  Regulations  were  adopted  on  November  15,  1951,  and  were  con¬ 
sidered  appropriate  for  airplanes  which  were  then  in  the  design  stage.  Airplanes  currently 
undergoing  development  are  considerably  larger  in  passenger  capacity;  consequently,  the 
emergency  evacuation  provisions  heretofore  effective  are  considered  in  need  of  revision. 
Furthermore,  experience  with  these  requirements  indicates  a  need  for  additional  revision 
to  make  them  more  practicable  for  application  to  all  airplanes  subject  to  these  provisions. 

This  amendment  makes  certain  changes  in  the  number,  size,  and  location  of  emergency 
exits.  Also,  provision  is  made  for  a  somewhat  greater  flexibility  of  application  of  these 
regulations.  In  addition,  this  amendment  prescribes  exit  configurations  for  high-wing  air¬ 
planes,  and  provides  for  evacuation  means  in  case  of  unplanned  ditching  in  water  for  all 
airplanes. 

Pursuant  to  the  provisions  of  section  4b.  11(c)  of  Part  4b,  an  applicant  for  type  certifica¬ 
tion  may  elect  to  show  compliance  with  this  amendment  even  though  the  date  of  application 
for  type  certification  was  made  prior  to  the  effective  date  of  this  amendment.  However,  it 
is  considered  that  the  provisions  of  section  4b.362  are  so  interrelated  that  if  the  applicant 
elects  to  show  compliance  with  any  portion  of  the  section,  he  should  be  required  to  show 
compliance  with  the  entire  section. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in  the  making  of 
this  amendment  (21  F.R.  7688),  and  due  consideration  has  been  given  to  all  relevant  matter 
presented. 

Amendment  made  changes  in  section  4b.362. 


P-8  ADDENDUM  CAM  4b 

Amendment  4b-6 

Miscellaneous  Amendments  Resulting  From  Adopted:  July  8,  1957 

the  1956  Annual  Airworthiness  Review  Effective;  Aug.  12,  1957 

Published:  July  16,  1957 
(22  F.R.  5562) 

There  are  contained  herein  amendments  with  respect  to  various  issues  stemming  from 
the  1956  Annual  Airworthiness  Review. 

Of  the  changes  being  made,  the  most  extensive  ones  involve  the  powerplant  provisions. 

Most  of  these  are  applicable  to  turbine  engine  installations.  In  this  regard,  there  is  included 
an  amendment  to  section  4b. 480  which  designates  as  6re  zones  combustor,  turbine,  and 
tailpipe  sections  containing  lines  carrying  flammable  fluids  or  gases,  but  does  not  require 
the  installation  of  a  fire-extinguisher  system  in  these  sections  if  a  fire  occurring  in  any  such 
sections  can  be  demonstrated  to  be  otherwise  controlled.  In  addition,  section  4b. 485  is 
being  amended  to  require  fire  detectors  for  all  combustor,  turbine,  and  tailpipe  sections 
irrespective  of  whether  they  contain  lines  carrying  flammable  fluids  or  gases.  The  currently 
effective  requirements  specify  the  compressor  and  accessory  sections  of  turbine  engines  as 
fire  zones  and  make  only  certain  provisions  for  fire  zones  applicable  to  the  other  sections. 

These  changes  should  provide  a  reasonably  high  degree  of  fire  protection  for  turbine  power- 
plants. 

Heretofore  there  have  been  no  specific  provisions  in  the  regulations  governing  engine 
design  for  the  protection  against  rotor  blade  failure.  However,  concurrently  with  this 
amendment  Part  13  of  the  Civil  Air  Regulations  is  being  amended  to  require  that  rotor 
cases  be  of  such  construction  as  to  contain  the  damage  resulting  from  rotor  blade  failure. 

In  order  to  provide  the  necessary  protection  on  airplanes  which  might  use  engines  not 
incorporating  this  construction,  there  is  included  in  new  section  4b. 401(d)  a  provision  to 
require  such  protection  in  the  powerplant  installation. 

Concurrently  with  this  amendment  Part  13  is  also  being  amended  to  minimize  the 
probability  of  turbine  rotor  failure  by  requiring  additional  design  precautions  in  respect  of 
the  turbine  wheel  and  the  relevant  engine  control  systems.  In  this  regard,  a  requirement 
is  included  in  new  section  4b. 401  (e)  to  require  design  precautions  in  the  powerplant  instal¬ 
lation  to  safeguard  the  airplane  against  turbine  rotor  failures  when  the  airplane  is  equipped 
with  engines  not  certificated  in  accordance  with  the  criteria  in  the  aforementioned  amend¬ 
ment  to  Part  13. 

There  is  also  included  a  change  to  section  4b.604  which  specifies  the  required  instru¬ 
ments  for  turbine  powerplants.  No  change  is  being  made  with  respect  to  the  instruments 
for  reciprocating  engines.  The  requirement  for  a  reverse  thrust  indicator  for  turbopropellers 
specifies  early  indication  instead  of  either  early  or  late  as  implied  in  the  currently  effective 
provisions  for  reciprocating  engines.  In  view  of  the  characteristic  operation  of  the  turbo- 
propeller  in  the  ground  fine  and  reverse  pitch  ranges,  it  is  considered  that  an  early  indication 
would  provide  the  more  useful  information  to  the  pilots.  The  requirement  for  the  reverse 
thrust  indicator  on  turbojet  installations  specifies  indication  when  the  device  is  in  the 
reverse  position.  It  is  intended  to  permit  the  use  of  either  an  early  or  a  late  indication. 

The  Board  considers  that  further  study  may  be  necessary  on  turbo-propeller  installations 
utilizing  reverse  thrust  power  and  on  turbojet  reverse  thrust  systems  to  determine  whether 
a  quantitative  type  of  indicator  should  be  required. 

A  new  provision  is  being  added  (section  4b. 408)  which  requires,  on  turbopropeller 
instaflations,  the  consideration  of  the  single  failure  safety  criterion  in  the  design  of  propeller- 
drag  limiting  systems  such  as  negative  torque  control  systems  and  other  backup  systems. 

This  provision  is  not  intended  to  require  consideration  of  more  than  one  component  failure 
in  any  one  of  the  systems  at  any  given  time,  either  during  normal  or  emergency  operation: 
investigation  of  all  components,  whether  or  not  integral  with  the  engine,  is  required. 

There  are  included  herein  changes  which  extend  the  currently  effective  provisions  gov¬ 
erning  intermittent  maximum  icing  conditions  so  as  to  cover  conditions  which  might  be 
critical  insofar  as  the  turbine  engine  induction  system  is  concerned.  In  this  regard,  the  data 
are  being  extended  in  accordance  with  NACA  Technical  Note  2738  and  involve  a  revision 
of  Figure  4b-25a  to  cover  drop  diameters  as  low  as  15  microns  and  a  revision  of  Figure 
4b-25c  to  cover  distances  down  to  0.3  mile.  The  icing  conditions  prescribed  in  the  currently 
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effective  reRulationH  are  applicable  in  the  main  to  the  airframe.  The  changes  being  made 
in  section  4b,461  require  the  turbine  powerplant  to  be  subjected  to  the  same  icing  conditions 
and  require  that  the  induction  system  be  protected  to  prevent  serious  engine  power  loss. 
A  similar  requirement  is  incorporated  with  respect  to  certification  of  turbine  engines  by  an 
amendment  to  Part  13  which  is  being  made  concurrently  with  this  amendment. 

Additional  changes  to  the  powerplant  provisions  include  consideration  of  turbine 
engine  torque,  caused  bv  sudden  engine  stoppage,  in  the  structural  design  of  the  engine  mount 
(see  section  4b.216(a)(4)) ;  of  crash  protection  for  fuselage  fuel  tanks  (see  section  4b.420(f)); 
and  of  safety  criteria  for  fuel  dumping  systems  (see  section  4b. 437(f)).  It  is  con.sidered  that 
the  storage  of  fuel  in  the  fuselage  section  of  the  wing  might  pose  serious  fire  hazards  during 
a  crash  landing  and,  therefore,  in  order  to  minimize  these  hazards,  the  provisions  in  section 
4b. 420(e)  require  that  fuselage  fuel  tanks  withstand  without  leakage  the  inertia  forces  pre¬ 
scribed  in  the  currently  effective  regulations  for  emergency  landing  conditions.  It  is  not 
intended  by  this  requirement  to  prescribe  anv  particular  type  of  fuel  tank  design. 

With  respect  to  section  4b. 236  there  is  being  included  a  more  specific  requirement  to 
account  for  the  unsymmetrical  loads  on  multiple-wheel  landing  gears.  A  change  is  being 
made  to  section  4b. 335(c)  to  permit  greater  flexibility  in  determining  the  required  energy 
capacity  for  wheel  brakes. 

With  respect  to  pressurization  equipment  and  suppl.v,  section  4b. 374  is  being  changed 
to  require  that  airplanes  equipped  with  pressurization  systems  maintain,  at  the  maximum 
operating  altitude  under  normal  conditions,  a  cabin  pressure  altitude  of  not  more  than 
8,000  feet  and  all  airplanes  certificated  for  operation  above  an  altitude  of  25,000  feet  be  able 
to  maintain  a  cabin  pressure  altitude  of  not  more  than  15,000  feet  in  the  event  that  any  one 
pressurization  system  component  becomes  inoperatiye.  In  addition,  the  oxygen  equipment 
requirements  of  section  4b. 651  are  being  revised  to  make  them  more  realistically  applicable  to 
airplanes  which  are  intended  to  operate  above  25,000  feet. 

In  addition,  there  are  other  less  substantive  changes  being  made  with  respect  to  personnel 
accommodations,  emergency  evacuation  provisions,  autopilot  systems,  etc.  Further,  there 
are  included  other  changes  which  are  relatively  minor,  clarifying,  or  of  an  editiorial  nature. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in  the  making  of 
this  amendment  (21  F.R.  9217),  and  due  consideration  has  been  given  to  all  relevant  matter 
presented. 

Amendment  made  the  foUowing  changes: 

(1)  Amended  sections  4b.l,  4b.210.  4b.212,  4b.216,  4b.235,  4b.236, 
4b.270,  4b.320,  4b.335,  4b.337,  4b.352,  4b.353,  4b.356,  4b.358,  4.362, 
4b.371,  4b.374,  4b.401,  4b,420,  4b.435,  4b.437,  4b.440,  4b.460,  4b.461, 
4>'.474,  4b.480,  4b.483, 4b.484,  4b.485,  4b.604,  4b.605,  4b.612,  4b.613, 
4b.622,  4b.631,  4b.640,  4b.645,  and  4b.651,  and  figures  4b-ll,  4b-25a, 
and  4b-25c;  and 

(2)  Added  new  sections  4b.408  and  4b.474a. 


Amendment  4b-7 

Instrument  Installations  Adopted:  Sept.  12, 1957 

Effective:  Oct.  17,  1957 
Published:  Sept.  19, 1957 
(22  F.R.  7461) 

In  1953  the  Civil  Aeronautics  Board  promulgated  section  4b.6Il(b)  of  Part  4b  of  the 
Civil  Air  Regulations  and  established  a  standard  arrangement  for  the  location  on  the  instru¬ 
ment  panel  of  required  basic  flight  instruments.  This  amendment  to  section  4b.611(b) 
prescribes  a  new  standard  for  the  arrangement  of  basic  flight  instruments. 

Studies  made  by  representatives  of  the  Government  and  industry  indicated  that  the 
standard  prescribed  in  section  4b.611(b)  no  longer  reflects  the  optimum  instrument  arrange¬ 
ment,  and  does  not  provide  the  flexibility  needed  to  include  new  instruments,  or  to  integrate 
related  instruments,  which  have  been  or  may  be  developed  in  the  future.  Accordingly,  a 
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proposal  to  replace  the  existing  standard  for  flight  instrument  arrangement  with  a  new  one 
commonly  referred  to  as  the  “Basic  T*'  was  published  for  comment  in  accordance  with  public 
rule  making  procedures  and  circulated  as  Civil  Air  Regulations  Draft  Release  No.  57-5  on 
April  3,  1957. 

In  this  draft  release  it  was  proposed  to  establish  a  “Basic  T”  arrangement  consisting  of 
a  group  of  6  instruments  giving  the  following  information:  (1)  speed,  (2)  attitude,  (3) 
altitude,  (4)  flight  path  deviation,  (5)  direction,  and  (6)  climb.  However,  after  consideration 
of  the  comment  received  in  response  to  the  proposal  and  after  further  analysis  of  the  problem, 
the  Board  has  concluded  that  there  are  only  4,  rather  than  6,  basic  flight  instruments  that 
require  a  standard  location  on  the  instrument  panel.  The  4  instruments  are  those  which 
present  basic  information  as  to  air  speed,  attitude,  altitude,  and  direction. 

WhUe  it  was  originally  proposed  to  establish  standard  positions  for  those  instruments 
giving  information  as  to  flight  path  deviation  and  climb,  it  is  believed  such  a  proposal  would 
make  the  standard  so  inflexible  as  to  interfere  with  the  possible  integration  of  such  instru¬ 
ments  with  the  4  basic  instruments,  and  the  use  of  newly  developed  instruments.  Accord¬ 
ingly,  this  amendment  prescribes  standard  positions  on  the  instrument  panel  for  only  the  4 
instruments  which  present  basic  information  as  to  airspeed,  attitude,  altitude,  and  direction. 

The  concept  of  the  “Basic  T”  involves  more  than  location  of  specifically  named  instru¬ 
ments.  The  theory  is  that  it  will  constitute  a  system  by  which  various  items  of  related 
flight  information  will  be  cataloged  and  placed  in  certain  standard  locations  in  all  instrument 
panels,  regardless  of  type  or  make  of  instruments  used.  In  this  manner  the  “Basic  T” 
takes  advantage  of  the  new  types  of  integrated  instruments  which  display  more  than  one 
item  of  flight  information.  It  is  apparent,  however,  that  if  the  proposed  standard  is  to  be 
a  standard  in  fact,  one  basic  indication  must  be  specified  for  each  instrument  position. 
This  eliminates,  for  example,  the  possibility  of  airspeed  being  replaced  by  angle  of  attack 
under  the  theory  that  airspeed  is  no  longer  required  except  for  navigational  purposes.  It 
appears  to  be  generally  agreed  that  the  basic  indication  of  position  1  is  airspeed.  In  this 
location  may  be  added  related  flight  information  such  as  Mach  number  and  angle  of  attack. 
It  also  appears  to  be  generally  agreed  that  the  basic  indications  for  positions  2  and  3  are 
pitch  and  bank,  and  (barometric)  altitude.  Command  signals  for  adjusting  pitch  or  turning 
right  or  left  may  be  added  to  the  attitude  instrument  (pitch  and  bank)  and  similarly,  terrain 
clearance  information  and  rate  of  climb  may  be  included  in  position  3  with  the  altimeter. 

Some  difference  of  opinion  was  registered  by  interested  parties  with  respect  to  position 
4,  previously  position  5  in  Draft  Release  57-5.  This  instrument  has  been  labeled  “direction,” 
and  is  intended  primarily  for  navigational  information.  Certain  groups  have  contended 
that  the  basic  indication  for  this  location  shotiid  be  heading.  Their  reason  is  that  heading 
is  paramount  in  maintaining  a  course,  or  making  good  a  desired  track,  and  that  a  gyroscop- 
ically  stabilized  indication  of  heading  logically  belongs  immediately  below  the  attitude 
instrument  where  it  can  be  read  simultaneously  with  the  attitude  instrument  for  three- 
dimensional  control  of  the  airplane.  Others,  on  the  other  hand,  contend  that  there  should 
be  a  choice  left  to  the  operator  to  place  a  display  for  heading,  flight  path  deviation,  or  both 
in  this  location.  The  reasoning  is  that  certain  carriers  desire  to  use  an  integrated  instru¬ 
ment  in  this  position  which  shows  pictorially  the  airplane’s  position  in  reference  to  a  desired 
track,  but  not  a  quantitative  indication  of  heading. 

In  considering  the  above  issue  the  Board  takes  cognizance  of  the  fact  that  most  air 
transports  of  today  do  not  have  installed  a  flight  path  director  or  steering  computer.  In 
these  airplanes  heading  must  be  read  continually  to  give  significance  to  the  signals  received 
from  radio  navigation  aids.  Accordingly,  heading  is  the  basic  indication  to  be  required  in 
position  4.  However,  with  increased  use  of  electronic  computers  and  installation  of  instru¬ 
ments  systems  which  include  command  signals  to  make  good  required  flight  tracks  there  will 
be  lees  dependence  upon  heading,  and  it  is  possible,  therefore,  that  in  the  future  the  basic 
indication  required  by  the  pilot  to  maintain  a  given  track  will  not  be  beading.  Consequently, 
the  rule  establishes  that  the  number  4  position  shall  be  that  instrument  which  most  effectively 
indicates  direction  of  flight  with  the  understandiing  that  the  basic  indication  of  this  instru¬ 
ment  shall  be  heading  but  that  if  future  developments  prove  it  feasible  the  basic  indication  of 
this  instrument  may  be  changed  so  long  as  it  is  demonstrated  that  it  is  the  instrument  which 
most  effectively  indicates  direction  of  flight.  It  is  beh'eved  that  this  solution  is  consonant 
with  present  and  known  future  aircraft  flight  instrument  systems  and  wiU  at  the  same  time 
provide  sufficient  flexibility  to  permit  use  of  newer  direction  instruments  if  these  prove  more 
operationally  feasible. 
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With  respect  to  the  specific  location  of  the  basic  flight  instruments,  we  believe  that  the 
attitude  (bank  and  pitch)  indicator  is  the  keystone  of  any  instrument  arrangement,  and 
should,  therefore,  be  located  in  the  central  position  on  the  panel,  with  the  other  basic  instru¬ 
ments  disposed  around  it.  The  indicator  providing  directional  information  is  constantly 
monitored  along  with  the  attitude  indicator,  in  order  to  provide  continuous  three-dimensional 
control  of  the  Bight  path.  Since  directional  information  is  associated  with  the  longitudinal 
axis  of  the  airplane,  this  instrument  should  be  most  naturally  positioned  centrally  beneath 
the  attitude  indicator.  Control  of  air  speed  and  altitude  are  directly  related  to  attitude,  so 
their  location  laterally  adjacent  to  the  attitude  indicator  is  a  natural  one. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in  the  making  of 
this  amendment  (22  F.R.  2538),  and  due  consideration  has  been  given  to  all  relevant  matter 
presented. 


Amendment  revised  section  4b.611(b)  and  deleted  figure  4b-23. 


Amendment  4b-8 

Miscellaneous  Amendments  Resulting  From  the  1957  Adopted:  Apr.  15,  1958 
Annual  Airworthiness  Review  Effective:  May  17,  1958 

Published:  Apr.  19,  1958 
(23  F.R.  2590) 

There  are  contained  herein  amendments  with  respect  to  various  issues  stemming  from 
the  1957  Annual  Airworthiness  Review. 

Of  the  substantive  changes,  there  is  a  new  requirement  in  section  4b.l32(e)  which 
establishes  basic  objective  criteria  to  insure,  for  the  all-engines-operating  condition,  adequate 
lateral  control  within  the  operating  speed  range  and  appropriate  airplane  response  to  control 
application  in  all  stages  of  flight.  The  provisions  up  to  this  time  did  not  prescribe  any 
specific  requirements  in  this  respect.  It  is  expected  that  this  rule  will  result  in  a  more 
effective  evaluation  of  the  airplane’s  lateral  stability  and  controllability. 

The  fatigue  evaluation  provisions,  although  applicable  to  all  of  the  flight  structure,  do 
not  specify  any  loading  conditions  for  vertical  flight  surfaces  with  respect  to  the  fail  safe 
strength  criteria  in  section  4b.270(b).  For  completeness  of  these  provisions,  an  addition  to 
section  4b.270(b)  is  contained  herein  which  sets  forth  ultimate  loads,  relative  to  the  fail  safe 
strength  evaluation  of  vertical  surfaces,  in  terms  of  the  generally  applicable  unsymmetrical 
and  maneuvering  limit  loading  conditions  now  prescribed  in  the  regulations.  There  is  also 
a  change  to  section  4b.236(c)(2)  which  prescribes  vertical  load  factors  necessary  for  defining 
more  completely  the  unsymmetrical  loads  applicable  in  the  taxying  and  ground  handling 
conditions  for  landing  gears  of  multiwheel  units. 

Currently  effective  regulations  require  trim  tab  controls  to  be  irreversible  unless  the  tab 
is  properly  balanced  and  is  shown  to  be  free  from  flutter.  The  regulations  do  not  cover  this 
design  feature  with  respect  to  other  trim  device's  such  as  adjustable  stabilizers,  etc.  A 
change  is  contained  herein  to  section  4b.322  to  require  that  all  trim  control  systems  be  free 
from  drift  or  creep. 

There  are  contained  herein  several  important  changes  with  respect  to  jx>werplants. 
New  section  4b.409  requires  an  in-flight  investigation  of  turbine  powerplants  with  respect  to 
stall,  surge,  flame-out,  etc.  Included  also  is  a  change  to  section  4b.435  which  establishes 
more  definite  specifications  for  fuel  system  filtration.  In  addition,  the  powerplant  operating 
limitation  provisions  in  section  4b.  71 8  are  being  revised  to  make  them  more  specifically 
applicable  to  turbine  powerplants. 

There  are  included  several  changes  to  the  provisions  regarding  personnel  accommoda¬ 
tions,  emergency  evacuation,  and  ditching.  The  most  substantive  one  involves  a  change  to 
section  4b.362(d)  which  would  permit  the  substitution  of  2  type  IV  exits  in  lieu  of  each 
required  tyjw  III  exit,  when  such  exits  are  intended  for  ditching. 

Changes  are  being  made  to  the  provisions  dealing  with  the  landing  gear  retraction 
system,  section  4b.334(b);  with  altimeter  static  pressure  source  tolerances,  section 
4b.612(b)(5);  and  with  markings  of  the  airspeed  indicator,  section  4b.732.  A  new  section 
4b.659  is  included  which  requires  appropriate  protection  of  the  airplane  against  failure  of 
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high  energy  rotors  when  such  rotors  are  incorporated  in  any  equipment  on  the  airplane. 
There  is  included  an  amendment  to  section  4b.603  which  requires  the  incorporation  of  a 
maximum  airspeed  indicator  if  the  airspeed  limitations  vary  appreciably  with  altitude. 

In  addition,  there  are  included  other  changes  which  are  of  a  clarifying  or  editorial  nature. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in  the  making  of 
this  amendment  (22  F.R.  9116),  and  due  consideration  has  been  given  to  all  relevant  matter 
presented. 

Amendment  made  the  following  changes: 

(1)  Amended  sections  4b.l,  4b.l32,  4b.236,  4b.270,  4b.322,  4b.334, 
4b.358,  4b.362,  4b.435,  4b.603,  4b.612,  4b.651,  4b.718,  4b.732,  4b.741, 
and  4b.742;  and 

(2)  Added  sections  4b.409  and  4b.659. 


Amendment  4b-9 

Supplemental  Oxygen  Requirements  Adopted:  Aug.  27,  1958 

Effective:  Sept.  1,  1958 
Published:  Aug.  30,  1958 
(23  F.R.  6743) 

The  advent  of  turbine-powered  airplanes  with  normal  operating  altitudes  higher  than 
has  been  the  case  with  airplanes  powered  by  reciprocating  engines  has  made  necessary  a 
reconsideration  of  supplemental  oxygen  requirements.  Following  a  study  of  this  problem 
by  representatives  of  the  Government  and  industry,  a  proposal  to  amend  the  existing  supple¬ 
mental  oxygen  requirements  of  Part  4b  and  the  operating  rules  was  published  in  accordance 
with  public  rule  making  procedures  and  circulated  as  Civil  Air  Regulations  Draft  Release  No. 
68-7  dated  March  27,  1968. 

In  this  draft  release  it  was  proposed  to  consolidate  all  controls,  instruments,  and  warning 
devices  at  a  single  location  to  permit  all  phases  of  monitoring  and  operation  of  the  pressuri¬ 
zation  and  oxygen  systems  by  a  single  crewmember.  However,  after  consideration  of  the 
comments  received  the  Board  has  concluded  that  such  requirement,  while  stating  a  desirable 
objective,  would  actually  result  in  a  potentially  lower  level  of  safety  because  of  the  added 
complexity  that  would  result.  With  regard  to  warning  devices,  it  was  proposed  also  to 
require  both  visible  and  audible  warnings  to  give  alarm  in  the  event  of  cabin  depressuriza¬ 
tion.  Comments  received  in  this  matter  pointed  out  that,  in  contrast  to  past  practice, 
airplanes  in  the  next  few  years  will  almost  certainly  incorporate  other  audible  warning 
devices  that  may  operate  at  cruise  altitude  and  require  immediate  conditioned  response, 
and  that  confusion  could  result  from  providing  too  many  such  audible  warnings.  Consid¬ 
ering  these  comments,  the  Board  concluded  that  the  current  requirements  in  section  4b. 376(f) 
provide  for  adequately  effective  warnings. 

High  rates  of  fuel  consumption  at  low  altitudes  lead  to  the  possible  necessity  for  turbine- 
powered  transport  airplanes  to  cruise  at  altitudes  that  would  require  sustaining  oxygen  for 
all  occupants  for  extended  periods  of  time.  This  has  emphasized  a  need  for  regulations  as 
to  the  minimum  quantity  of  oxygen  which  may  be  carried  to  insure  adequate  protection 
for  the  passengers.  The  quantities  prescribed  by  the  current  requirements  of  section  4b. 661  are 
generally  conceded  to  be  in  excess  of  actual  needs  for  sustenance.  The  new  oxygen  flow 
rates  contained  herein  will  provide  a  level  of  safety  acceptable  for  sustaining  purposes 
without  reducing  the  quantity  carried  below  a  safe  minimum. 

Some  difference  of  opinion  was  expressed  concerning  the  provisions  for  oxygen  in  the 
altitude  range  above  26,000  feet  where  its  main  purpose  is  to  prevent  physical  harm  to  the 
passengers  following  cabin  depressurization.  One  position  was  that  it  would  be  adequate 
to  apply  the  same  prescription  as  proposed  for  sustaining  oxygen.  The  opposing  view 
was  held  that  while  this  might  be  adequate  for  sustenance  at  altitudes  above  25,000  feet 
it  would  not  be  satisfactory  following  cabin  decompression  at  these  altitudes  because  of  the 
problem  of  removing  nitrogen  from  the  lungs,  and  that  for  this  reason  a  greater  quantitj- 
of  oxygen  should  be  prescribed.  The  problem  associated  with  this  view  is  that  either  the 
flow  rate  must  be  equivalent  to  the  higher  requirement  throughout  the  altitude  range,  or 
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equipment  must  be  provided  to  enable  the  oxygen  system  to  differentiate  between  two 
situations.  In  weighing  these  opposing  views,  the  Board  took  into  consideration  that  the 
prescription  in  the  regulation  is  a  minimum  value;  that  previous  requirements,  although 
prescribing  a  greater  quantity  of  oxygen,  have  not  accounted  for  overall  system  efficiency ; 
that  additional  system  complexity  would  decrease  reliability;  and  that  the  objective  of 
oxygen  following  a  decompression  is  to  prevent  physical  harm  and  not  necessarily  to  provide 
passengers  with  the  same  amount  of  oxygen  which  would  be  available  at  sea  level. 

There  was  some  expression  of  opinion  that  the  flow  rate  provided  for  flight  crewmembers 
was  not  adequate.  In  considering  these  opinions,  the  Board  was  not  able  to  establish  that 
the  5,000-foot  equivalent  provided  by  the  prescription  for  demand-type  equipment  was 
unsatisfactory.  Consideration  was  also  given  to  the  fact  that  the  prescription  is  a  minimum 
and  that  normal  operating  tolerances  will  invariably  insure  that  a  somewhat  greater  quantity 
is  furnished.  Since  this  prescription  could  result  in  the  crew  being  unable  to  draw  oxygen 
from  the  demand-type  system  while  the  cabin  is  pressurised,  a  requirement  is  being  added 
that  undiluted  oxygen  be  available  to  the  crew. 

The  provision  for  insuring  that  oxygen  masks  be  immediately  available  to  the  users  is 
believed  to  be  proper  in  light  of  the  problems  associated  with  flight  at  these  altitudes.  The 
time  available  to  begin  breathing  supplemental  oxygen  becomes  less  with  increasing  altitude 
due  to  the  decrease  in  the  period  of  useful  consciousness.  Thus  the  requirements  for  making 
the  dispensing  units  available  to  the  users  become  more  severe  as  the  maximum  certificated 
altitude  becomes  higher. 

A  prescription  is  being  added  to  define  the  quantity  of  oxygen  to  be  made  available  for 
first-aid  use.  To  avoid  having  to  predict  the  pressure  altitudes  at  which  such  will  be  used, 
the  prescription  is  in  terms  of  flow  at  standard  temperature  and  pressure. 

The  provisions  of  this  regulation  require  two  outlet.s  and  units  of  oxygeii-di.spensing 
equipment  in  the  washroom  and  in  the  lavatory. 

The  cabin  attendants,  in  the  course  of  their  normal  duties,  may  be  at  any  place  in  the 
cabin  at  the  time  of  depressurization.  Since,  at  the  normal  cruising  altitude  of  turbine- 
powered  airplanes,  sufficient  time  may  not  be  available  for  the  attendants  to  return  to  a 
designated  oxygen  station,  it  is  necessary  that  either  a  portable  oxygen  sujqfly  be  carred  by 
each  attendant  or  that  sufficient  additional  outlets  and  units  of  dispensing  eqi’ipment  be 
immediately  available  throughout  the  cabin  to  insure  that  it  will  be  attainable  at  all  times. 
The  likelihood  of  turbine-powered  airplanes  having  to  continue  operations  at  flight  altitudes 
requiring  sustaining  oxygen  makes  necessary  the  provision  of  portable  oxygen  equipment 
for  cabin  attendants  in  order  to  insure  their  mobility  even  though  such  equipment  may  not  be 
required  to  satisfy  the  emergency  descent  provisions.  To  avoid,  as  much  as  possible,  the 
problems  associated  with  changing  over  from  a  spare  outlet  of  the  installed  system  to  a  port¬ 
able  unit,  these  portable  units  should  have,  to  the  degree  practicable,  a  uniform  distribution 
in  the  cabin.  To  pr^’^de  for  this,  the  portable  oxygen  units  are  required  to  be  immediately 
available. 

The  proposal  regarding  means  of  determining  delivery  of  oxygen  to  the  dispensing  units 
was  intended  to  provide  an  indication  that  the  oxygen  system  is  in  operation  and  that  oxygen 
is  being  released  from  the  storage  containers  to  the  distribution  system.  Determination  of 
delivery  to  individuals,  as  in  the  past,  by  observation  of  the  storage  bags  on  the  masks  or 
similar  type  examinations  is  felt  to  be  inadequate. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in  the  making  of 
this  amendment  (23  F.R.  2229),  and  due  consideration  has  been  given  to  all  relevant  matter 
presented.  In  view  of  the  imminence  of  operations  to  be  conducted  pursuant  to  this  amend¬ 
ment,  the  Board  finds  that  further  notice  and  public  procedure  hereon  would  be  contrary  to 
the  public  interest  and  that  this  amendment  may  be  made  effective  on  less  than  30  days’ 
notice. 


Amendment  made  changes  in  section  4b.651  and  deleted  figure  4b-21. 
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Amendment  4b-10 

Adopted:  Apr.  17,  1959 
Effective:  Apr.  23,  1959 
Published:  Apr.  23,  1959 
(24  F.R.  3153) 

The  presently  effective  sections  4b.382  and  4b.383  of  Part  4b  of  the  Civil  Air  Regula¬ 
tions  prescribe  design  conditions  for  the  protection  of  cargo  and  baggage  compartments 
against  fire.  These  requirements  classify  compartments  into  “A,”  “B,”  “C,”  and  “D.” 

Class  “A”  and  “B”  compartments  are  those  which  provide  access  to  all  parts  of  the 
compartment  to  permit  the  use  of  hand  fire  extinguishers.  In  addition,  Class  “B”  com¬ 
partments  require  that  all  contents  therein  can  be  moved  by  hand.  Class  “C”  and  “D” 
compartments  do  not  have  this  accessibility.  Instead,  Class  “C”  compartments  are  re¬ 
quired  to  have  a  fire-extinguishing  system  capable  of  effectively  flooding  the  entire  compart¬ 
ment.  Class  "D”  compartments  are  those  in  which  the  volume  of  air  and  its  flow  are  so 
limited  as  to  cause  suppression  of  fire  as  a  result  of  oxygen  depletion. 

An  air  carrier  engaged  in  the  carriage  of  cargo  exclusively  recommended  to  the  Civil 
Aeronautics  Board  an  amendment  of  the  existing  regulations  to  provide  an  additional 
classification  of  cargo  compartments  more  specifically  applicable  to  bulk  loading  of  the  main 
cabin  area  of  an  airplane  engaged  in  all-cargo  operations.  The  carrier  indicated  that  the 
weight  and  bulk  of  the  cargo  to  be  carried  in  the  main  cabin  make  its  movement  by  the 
crew  impractical.  Furthermore,  the  loss  of  cargo  space  by  providing  accessibility  to  all 
parts  of  the  compartment  and  its  contents  results  in  an  unnecessary  economic  burden.  For 
these  reasons,  it  is  not  practical  to  classify  the  main  cabin  as  either  an  “A”  or  “B”  com¬ 
partment.  Classification  as  a  “C”  compartment,  considering  the  relatively  large  volume 
of  the  cabin,  makes  it  impractical  to  carry  a  suflScient  quantity  of  fire-extinguishing  agent 
to  flood  effectively  the  entire  cabin.  Due  to  the  large  volume  of  the  cabin,  compliance  with 
the  conditions  set  forth  for  Class  “D”  compartments  also  becomes  extremely  diflScult 
because  so  much  oxygen  exists  that  prompt  suppression  of  the  fire  through  oxygen  depletion 
is  not  attainable. 

The  Civil  Aeronautics  Board  included  a  proposed  change  to  the  cargo  and  baggage 
compartment  fire  protection  requirements  of  Part  4b  in  a  notice  of  proposed  rule  making 
issued  in  Draft  Release  No.  58-lC,  dated  December  22,  1958.  That  proposal,  although 
it  appeared  to  cover  the  intent,  did  not  define  in  detail  the  specific  conditions  applicable  to 
bulk-loaded  cabins.  After  further  study  and  considering  the  comments  on  the  draft  release, 
it  is  found  that  setting  forth  specific  conditions  is  necessary.  Therefore,  the  amendment 
contained  herein  establishes  a  new  Class  “E”  cargo  compartment  and  prescribes  the  de¬ 
tailed  design  conditions  applicable  thereto. 

An  evaluation  of  Daily  Mechanical  Reports  and  air  carrier  incident  reports  disclosed 
that  between  1951  and  1956  during  18,971,602  hours  of  passenger-carrying  flight  time  there 
had  been  four  inflight  fires  in  baggage  com  ^nts.  It  was  reported  that  one  of  th^e 
fires  was  attributed  to  the  cargo  coming  it  with  a  cockpit  heater,  one  was  caused 

by  marches  in  a  passenger’s  bag,  and  two  i  .  from  baggage  being  loaded  against  un¬ 

protected  light  bulbs.  Additionally,  three  fires,  detected  while  loading  passengers’  baggage 
before  departure,  were  found  to  be  caused  by  matches  in  passengers’  bags.  During  this 
same  l  eriod,  there  were  no  incidents  of  fire  in  572,443  hours  of  flight  in  all-cargo  operations. 
In  the  period  1957-1958,  one  additional  fire  was  reported  in  the  Daily  Mechanical  Reports. 
The  cause  of  this  fire  was  found  to  have  been  due  to  baggage  being  placed  against  an  un- 
prot’M^ted  light  bulb. 

It  has  been  determined  that  this  amendment  will  make  fire  prevention  requirements 
for  all-uargo  aircraft  more  realistic,  without  any  material  reduction  in  safety.  Accordingly, 
section  4b.383  of  Part  4b  of  the  Civil  Air  Regulations  is  being  amended  to  provide  for  all- 
cargo  operations  the  new  Class  “E”  cargo  compartment  located  in  the  main  cabin  of  an 
airplane.  Such  compartment  is  required  to  be  equipped  with  a  smoke  or  fire  detector  system 
to  warn  the  crew  of  smoke  or  fire,  to  be  completely  lined  with  fire-resistant  material,  to  pro¬ 
vide  for  control  of  ventilation  by  the  crew  within  the  compartment,  and  to  provide  means 
for  excluding  hasardous  quantities  of  smoke,  flames,  or  noxious  gases  from  entering  the 
flight  crew’s  compartment.  Furthermore,  it  requires  that  crew-emergency  exits  remain 
accessible  under  aU  loading  conditions. 
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In  oonjunetion  with  the  establishment  of  Class  “E”  cargo  compartments,  socUon 
4b.380(e)  is  being  amended  to  provide  protective  breathing  equipment  for  the  crew  when  the 
aircraft  contains  such  a  compartment.  Since  the  operating  record  reveals  that  heat  sources 
in  {ffozindty  to  cargo  constitute  a  fire  hasard,  section  4b.382  is  also  being  amended  to  provide 
fire  iffotection  from  sources  of  heat  such  as  light  bulbs,  heater  ducts,  electrical  appliances, 
and  combustion  heaters  in  all  classes  of  compartments. 

In  addition  to  the  foregoing,  section  4b.383(b),  applicable  to  "B”  compartments,  is 
being  amended  by  deleting  the  requirement  that  while  the  aircraft  is  in  flight  a  member  of 
the  crew  must  be  able  to  move  by  hand  all  contents  of  the  compartment.  This  deletion  is 
considered  to  be  consistent  with  the  requirements  for  Class  "A”  and  “E”  compartments. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in  the  making  of 
this  amendment  (24  F.R.  128),  and  due  consideration  has  been  given  to  all  relevant  matter 
presented.  Since  this  amendment  is  relaxatory  in  nature  and  imposes  no  additional  burden 
on  any  person,  it  may  be  made  effective  upon  publication  in  the  Federal  Register. 


Amendment  made  changes  in  sections  41>.380,  4b.382,  and  4b.383 
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Adopted:  Ang.  24,  1959 
Efifective:  Oct.  1,  1959 
Published:  Sept.  1,  1959 
r24F.R.7067) 

There  are  contained  herein  amendments  as  a  result  of  the  1958  Annual  Airworthiness 
Review. 

The  flight  characteristics  requirements  are  being  amended  to  change  the  provisions  relat* 
ing  to  longitudinal  trim  and  elevator  control  power.  The  currently  effective  regulations 
require  suflScient  elevator  control  power  to  fly  the  airplane  at  all  speeds,  powers,  weights, 
and  center  ot  gravity  positions  for  which  the  airplane  is  to  be  certificated.  Transports  of 
recent  design  are  utiUsing  adjustable  stabilizers  and  control  power  becomes  a  function  of  the 
stabilizer  incidence  setting.  The  amendments  to  sections  4b.ll2(c)(l),  4b.l31(s),  and 
4b.l51(a)  are  intended  to  make  these  provisions  more  appropriate  for  applications  to  adjust¬ 
able  stabilisers. 

A  number  of  changes  to  the  structural  provisions  are  being  made.  Section  4b.l  is  being 
amended  to  include  a  definition  of  the  term  "zero  fuel  weight”  which  is  frequently  used  in 
stating  the  structural  limitations  of  an  airplane.  Amendments  to  sections  4b.210(b)(2), 
4b.213(o),  and  figure  4b-2  are  intended  to  eliminate  possible  inconsistencies  in  the  relation 
between  design  speed  Va  and  point  A  on  the  maneuvering  envelope,  which  resulted  from 
previous  amendments. 

A  proposal  to  reduce  the  required  maneuvering  load  factor  at  the  design  dive  speed 
Fj>  was  considered  during  the  annual  airworthiness  review  but  is  not  being  adopted  at  this 
time.  Although  previous  operating  statistics  show  that  the  probability  of  attaining  a  2.5 
load  factor  is  less  at  speed  Vo  than  it  is  at  lower  speeds,  there  has  been  relatively  little  operat¬ 
ing  experience  on  turbine  transports  for  which  the  cruising  speed  is  closer  to  Vg.  The 
proposal  will  be  kept  under  study  as  operating  statLstics  are  obtained  on  tinbine  transports. 

Section  4b.2 16(a)  is  being  amended  to  specify  engine  torque  loads  appropriate  for  turbine 
engine  instrdlations.  A  new  section  4b.217  is  being  added  to  specify  strength  criteria  for 
speed  control  devices  used  in  flight.  Changes  to  sections  4b.231,  4b.2^,  and  4b.236  provide 
more  rational  ground  load  requirements  relating  to  coeflScients  of  friction  and  deflated  tire 
conditions. 

A  change  to  section  4b.421(s)  requires  structural  test  or  analysis  of  the  fuel  tanks  when 
subject  to  pressure  developed  under  the  most  adverse  condition  of  airplane  roll  and  fuel 
load.  On  the  basis  of  past  ezpoience,  section  4b.421(o)  is  being  revised  to  require  non- 
metallic  tanks  to  be  tested  only  for  the  vibration  test  of  section  4b.421(b)(4),  since  this  has 
been  found  to  be  the  critical  condition,  except  that  compliance  may  be  shown  based  on 
satisfaeUHy  operating  experience  with  a  similar  tank  in  a  similar  installation. 
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With  NBpeet  to  design  and  construotion,  a  number  of  changes  are  being  made.  On 
high-ep^  airplanes,  it  is  likely  that  oontr<d  surface  dampers  will  be  necessary  in 
order  to  show  compliance  with  the  flutter  prevention  requirements.  Therefore,  section 
4b.308  is  being  revis^  to  provide  that  it  shall  be  possible  to  continue  safe  flight  even  though 
a  sin^e  failure  occurs  in  the  flutter  damper  system.  Section  4b.320  is  being  amended  to 
indude  design  safety  criteria  for  power-operated  control  systems.  This  amendment  is 
intended  to  insure  continued  safe  Alight  and  landing  in  the  event  certain  failures  occur  in 
the  control  system  and  in  the  case  of  engine  faUure. 

Section  4b.352  is  being  amended  to  specify  which  portion  of  the  windshidd  is  affected 
by  the  bird  impact  strength  requirements  and  which  portion  is  affected  by  the  fragmentation 
requirements. 

To  provide  appropriate  emergency  exit  requirements  for  small  transports  section 
4b.362(c)  is  being  amended  to  require  at  least  one  type  IV  exit  on  each  side  of  the  fusdage 
for  a  passenger  capacity  of  up  to  10  persons.  A  corresponding  change  is  being  made  in  the 
ditching  exit  requirements  of  section  4b.362(d). 

In  the  powerplant  installation  requirements,  section  4b.407  is  being  amended  to  extend 
the  “fdl-safe"  concept  to  all  types  of  thrust  reversing  systems  intended  for  ground  and/or 
inflight  use.  Sections  4b.410  and  4b.4t3  are  being  revised  to  simplify  and  clarify  the  state¬ 
ment  of  the  fud  system  and  fud  flow  requirements.  Rdated  changes  to  section  4b.430 
clarify  the  deflnitions  of  main  and  emergency  fuel  pumps,  delete  the  requirements  that  one 
pump  for  each  engine  must  be  engine  ^ven,  and  eliminate  the  requirement  for  a  bypass 
on  fud  injection  pumps  for  turbine  engines. 

Other  amendments  require  cooling  tests  for  turbine  engine  installations  and  means  to 
indicate  the  functioning  of  the  powerplant  ice  protection  system. 

A  proposal  to  require  the  ability  to  regain  full  power  or  thrust  within  20  seconds  after 
ongtne  m^unctioning  occurs  due  to  depletion  of  fuel  in  any  tank  was  considered  during 
the  annual  airworthiness  review,  but  is  not  being  adopted  at  this  time.  The  objective  of 
this  proposal  was  to  minimise  the  possibility  of  turbine  engine  flame-out  during  fuel  tank 
switching.  However,  since  there  are  several  methods  of  accomplishing  this  objective, 
including  systems  designed  to  prevent  such  engine  malfunctioning,  further  study  is  being 
given  to  this  subject. 

Other  proposals  being  deferred  for  further  study  concern  turbojet  reverse  thrust  con¬ 
trols,  the  Are  resistance  of  turbine  engine  installation  diaphragms,  and  a  mdms  to  indicate  a 
dogged  fud  Alter  condition  (i.e.,  bypass  operation)  to  the  flight  crew.  The  proposal  on 
reverse  thrust  controls  would  have  deleted  the  provision  requiring  a  means  to  prevent 
inadvertent  movement  to  a  reverse  thrust  position,  for  systems  which  are  approved  for  use 
in  flight.  Such  systems  are  still  in  the  devdopment  stage  and  additional  evaluation  is 
considered  necessary  to  determine  whether  the  previous  proposal  or  some  other  change  is 
appropriate.  The  proposal  to  permit  Are-resistant  in  lieu  of  fire-proof  diaphragms  in  certain 
turbine  engine  installations  will  be  considered  along  with  other  changes  in  the  powerplant 
fire  protection  requirements  to  make  them  suitable  for  isolated  pod  installations.  The  value 
ot  inflight  indication  of  fud  filter  dogging  has  been  questioned  in  view  of  the  fact  that 
automatic  filter  bypass  provisions  cannot  be  controlled  in  flight  and  the  military  services 
are  devdoping  devices  to  indicate  the  occurrence  of  bypassing  to  maintenance  personnel 
who  can  then  service  the  filters. 

Section  4b.603  is  being  amended  to  incorporate  current  terminology  for  flight  and 
navigational  instruments.  However,  a  proposal  which  would  require  all  critical  airspeed 
limitations  that  vary  with  altitude  to  be  displayed  on  the  appropriate  instrument  is  being 
deferred  for  further  study.  Where  a  number  of  such  limitations  exist,  that  proposal  might 
be  impractical  or  lead  to  confusion  or  undesirable  differences  in  displaying  airspeed  limita¬ 
tions  to  pilots.  At  present,  Vjrt  is  the  only  variable  limit  required  to  be  indicated.  A 
macbmeter  is  being  required  for  airplanes  having  compressibility  limitations  which  are 
not  otherwise  indicated  to  the  pUot  in  accordance  with  section  4b.732. 

Section  4b.612  is  being  revised  to  clarify  the  power  faOure  indicating  means  required 
for  certain  instruments.  Section  4b.625  is  being  amended  to  cover  new  types  of  storage 
batteries  as  well  as  the  conventional  lead-acid  types.  A  new  section  4b.628  establishes 
criteria  intended  to  minimise  the  hasards  of  lightning  strikes  on  portions  of  the  airplane 
which  are  insulated  from  the  main  airframe. 

Another  new  section  4b.647  requires  all  new  type  transport  oateg<»y  airplanes  to  be 
provided  with  individual  flotation  means  for  each  occupant  even  though  the  airplane  is  not 
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OMrtiSoatcd  for  ditehing.  The  requiremeot  that  life  preeervers  shall  be  reversible  is  K«iwg 
deleted  from  section  4b.645(d),  since  it  is  expected  that  design  features  and  instructions  to 
insure  correct  donning  will  be  covered  in  the  appropriate  Technical  Standard  Order.  Since 
chunks  of  ice  falling  from  aircraft  have  caused  hazards  to  persons  and  property  on  the  ground, 
a  new  section  4b.660  requires  that  fluid  drains  be  designed  to  prevent  the  formation  of  ice 
on  the  airplane.  A  placard  showing  the  airspeed  limitations  for  various  flap  settings  is 
bring  required  because  these  limitations  are  no  longer  shown  on  the  airspeed  indicator. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in  the  mnking  of 
this  amendment  (24  F.R.  128),  and  due  consideration  has  been  given  to  all  relevant  matter 
presented. 

Amendment  made  the  foDowing  changes: 

(1)  Amended  sections  41>.l,  ^.112,  ^.131, 4b.l51,  4h^l0, 4b.213,  tt.216, 
4>.231,  4b,235,  4b.236,  4b.308,  4b.320,  4b.352,  4b.362,  4b.407,  4b.410. 
4b.413, 4b.415,  4b.421,  4b.430,  4b.461.  4b.483.  4b.603,  4b.612,  4b.613, 
4b.625,  4I>.632,  41).645,  and  4b.738,  and  figure  4b-2; 

(2)  Deleted  sections  4b.414  and  4b.431;  and 

(3)  Added  sections  4b.217,  4>.455,  ^.628,  ^.647,  and  4b.660. 


Amendment  4>-12 

Miscellaneous  Amendments  Resulting  From  Adopted:  Mar.  27, 1962 

the  First  Federal  Aviation  Agency  Air-  Efifective:  May  3,  1962 

worthiness  Review  Published:  Mar.  30, 1962 

(27  F.R.  2986) 

As  a  result  <ff  the  First  Federal  Aviation  Agency  Airworthiness  Review,  the  Agency 
published  a  notice  of  proposed  rule  making  affecting  several  parts  of  the  Civil  Air  Regula- 
tioiu.  This  notice  was  published  in  the  Federal  Register  (26  F.R.  5130}  and  circulated  as 
Civil  Air  Regulations  Draft  Release  No.  61-12  dated  June  8,  1961.  There  are  contained 
herein  amendments  to  Part  4b  of  the  Civil  Air  RegulatioDS  which  stem  from  this  First  FAA 
Airworthinees  Review. 

Interested  persons  have  been  afforded  an  opportunity  to  express  their  comments  in 
regard  to  the  proposal.  In  some  eases  the  proposal  has  been  modified  in  accordance  with 
such  comments.  The  more  significant  amendments  being  adopted  by  the  Agency  are 
discussed  herein. 

Several  revisions  to  the  flight  requirements  are  being  made.  A  change  is  made  to 
seetkm  4b.l60(o)(l)  for  consistency  with  the  trim  condition  applicable  to  the  stall  speed  in 
present  section  4b.ll2(o)(l).  The  proposed  amendment  to  section  4b.ll2,  to  redefine  the 
stalling  speed  as  the  Ig  level  flight  stali  speed,  is  being  deferred  pending  further  evaluation 

of  the  eflisct  such  a  change. 

To  supidement  existing  oontroUability  requirements,  section  4b.  130  is  being  expanded 
to  provkle  jdkt  control  force  criteria  during  phases  of  unsteady  flight  and  during  transition 
from  one  ^ht  omidition  to  another.  The  proposal  provided,  among  other  things,  that 
both  temporary  and  prtdonged  forces  be  considered  with  the  airplane  trimmed  in  the  prior 
steady  ll^t  condition.  Two  significant  changes  have  been  made  to  this  proposal.  The 
first  change  permits  eom{flianee  to  be  shown  in  an  untrimmed  condition  when  the  airplane 
cannot  be  trimmed  so  as  not  to  encroach  upon  the  requirements  of  sections  4b.  140  through 
4b.l44.  The  second  change  permits  letrim  during  the  investigation  of  the  prolonged  forces. 
In  conjunction  with  these  changes,  the  proposed  note  has  been  deleted  because  it  does  not 
iUustrate  the  iwesmlbed  forces.  In  addition,  section  4b.  131  is  being  amended  to  prescribe 
tbs  maximum  longitudinal  control  force  applicable  to  operation  with  one  hand. 

A  number  at  changes  are  being  made  to  the  stability  requirements.  Because  static 
kmgitudinal  stability  may  become  dependent  upon  the  stick-fixed  characteristics  as  well  as 
the  stfdr-fiee  characteristios  when  artificial  stick  forces  are  used,  the  stability  requirements 
of  sectton  4>.150  through  section  4b.l55  are  being  revised.  If  the  elevator  control  forces 
an  not  the  neult  of  the  devator  control  surface  hinge  moments,  it  must  be  shown  that  an 
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upward  diaplaoement  of  the  elevator  trailing  edge  is  necessary  to  obtain  and  maintain  speeds 
below  the  specified  trim  speed  and  a  downward  displacement  of  the  elevator  trailing  edge 
is  necessary  to  obtain  and  maintain  speeds  above  the  specified  trim  speed.  Proposed  section 
4b.l51(a),  has  been  changed  merely  to  reflect  the  new  speed  nomenclature  prescribed  by 
the  ad^tion  ot  section  4b.l91.  Section  4b.l5i(c),  which  now  requires  any  sp^  change  to 
be  perceptible  to  the  pilot  by  a  change  in  stick  force,  is  also  being  amended.  Because  of 
diflBcultiee  in  ascertaining  a  “perceptible”  change  in  stick  force,  the  minimum  stick  force 
versus  speed  gradient  is  being  defined  as  not  less  than  one  pound  per  6  knots.  Present 
section  4b.l55  provides  that  the  airplane  be  stable  over  the  entire  operating  speed  range 
under  the  most  adverse  trim  condition.  In  many  cases  this  involves  very  large  speed  ranges 
over  which  it  is  no  longer  considered  necessary  to  demonstrate  stability  without  retrimming. 
While  it  was  originally  proposed  to  permit  retrimming  at  Va  it  has  been  determined  that 
such  a  provision  would  be  unnecessarily  restrictive  and  the  proposal  has  been  changed  to 
permit  retrim  at  a  speed  midway  in  the  cruising  speed  range.  However,  this  change  necessi¬ 
tates  the  addition  of  a  provision  to  insure  stability  over  an  adequate  speed  range  in  those 
eases  where  the  operating  speed  range  is  relatively  small. 

In  conjunction  with  these  proposed  changes,  sections  4b.l5(>-l  and  4b.l51-l  are  being 
deleted  together  with  the  discussion  of  policies  relating  thereto,  as  well  as  sections  4b.l52~l, 
4b.l5^1,  4b.l54-l,  and  4b.l55-l  because  this  material  does  not  reflect  the  changes  being 
made  to  the  corresponding  sections  of  the  regulations  and  the  information  contained  in  these 
sections  is  already  covered  elsewhere.  In  addition  sections  4b.l57-l(e)(3),  (e)(4),  and 
(f)(2)  are  being  deleted  because  they  are  in  conflict  with  the  provisions  of  section  4b.  157. 

Amendments  to  the  strength  requirements  include  changes  to  the  provisions  on  flap 
design  speeds,  pressure  cabins,  unsymmetrical  loads  due  to  engine  failure,  ground  handling 
conations,  lan^ng  gear  fatigue  evaluation,  and  casting  factors. 

The  present  requirements  on  design  flap  speed  Vr  in  section  4b.210(b)(l)  were  based 
on  the  concept  of  a  single  speed  at  which  the  pilot  could  place  the  flaps  in  any  position  from 
fully  retracted  to  fully  extended  without  reducing  or  increasing  speed  and  without  exceeding 
limit  loads  or  without  approaching  a  stalling  condition.  For  this  reason  the  requirements 
specify  that  Vr  shall  not  be  less  than  the  greater  of  1.4  (flaps  retracted)  or  1.8  (flaps 
in  lanHing  position).  However,  the  development  of  more  efflcient  flaps  has  resulted  in  the 
establishment  of  different  operating  speeds  and  flap  positions  for  various  stages  of  flight; 
e.g.,  initial  approach,  final  approach,  landing,  and  takeoff.  The  requirements  are  being 
amended  to  permit  supplementary  values  of  the  flaps  extended  operating  limit  speed  (section 
4b.714(c)),  and  to  cover  en  route  flap  conditions  (section  4b.212(b)).  Nevertheless,  the 
flap  design  speed  concept  has  been  retained  in  sections  4b.2l0(b),  4b.212(s),  4b.221(a), 
and  4b.714(a). 

Recent  improvements  in  high  lift  flap  design  have  raised  the  question  of  whether  it  is 
any  longer  necessary  for  the  design  speed  for  flaps  in  the  landing  position  to  be  based  on 
the  stalling  speed  with  flaps  retracted.  In  view  of  the  current  operating  practice  of  pro¬ 
gressively  reducing  airspeed  as  flaps  are  extended  during  approach  and  landing,  and  of 
retracting  flaps  as  airspeed  increases  during  takeoff  or  balked  landing,  it  appears  more 
rational  to  base  the  design  speed  for  each  flap  position  on  the  operating  and  stalling  speeds 
corresponding  with  the  particular  flap  position.  Therefore,  section  4b.210(b)(l)  is  being 
amended  to  permit  the  selection  of  a  flap  design  speed  for  each  flap  position  established  for 
the  various  stages  of  flight,  with  minimum  values  of  1.8  for  flaps  in  the  landing  position, 
and  1.6  V,,  for  flaps  in  the  takeoff  position.  Where  an  automatic  flap  positioning  or  load 
limiting  device  is  employed,  it  is  permissible  to  use  the  speeds  and  flap  positions  programmed 
by  the  device.  Related  changes  are  being  made  to  sections  4b.l(d)(10),  4b.212  (a),  (b), 
and  (c),  4b.221,  and  4b.714  to  make  these  requirements  consistent  with  the  method  adopted 
for  establishing  flap  design  speeds.  In  this  connection,  it  was  proposed  to  amend  section 
4b.323(c)  to  provide  specific  speed  limits  for  flap  load  limiting  devices  in  addition  to  the 
existing  objective  requirement  in  that  section.  However,  the  proposed  specific  limits  are 
not  being  adopted  because  the  minimum  values  required  in  operation  depend  upon  other 
characteristics  of  the  particular  airplane  design,  and  such  characteristics  can  be  evaluated 
under  the  provisions  of  the  existing  regulation. 

The  present  strength  requirements  for  pressurized  cabins  state  that,  where  the  cabin 
is  separate  into  compartments  by  bulkheads  or  floors,  the  primary  structure  shall  be  de¬ 
sign^  for  the  effects  of  sudden  release  of  pressure  in  any  compartment  having  external 
doors  or  windows.  Difficulties  have  arisen  in  applying  these  requirements  because  primary 
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structure  is  not  defined  and  the  objectives  are  not  stated  clearly.  Therefore,  section  4b. 216 
(c)(4)  is  being  amended  to  state  that,  under  conditions  of  sudden  pressure  release,  the 
integrity  of  the  structure  supporting  flight  and  ground  loads  and  other  structure  the  failure 
of  which  could  interfere  with  the  continued  safe  flight  and  landing  of  the  aircraft,  shall  be 
maintained.  Danaage  to  other  portions  of  the  airplane  is  acceptable,  provided  reasonable 
design  precautions  are  taken  to  minimize  the  probability  of  parts  becoming  detached  which 
might  injure  occupants  while  in  their  seats.  Fail-safe  design  features  may  be  taken  into 
account,  provided  possible  operational  and  maintenance  errors  are  also  considered. 

Section  4b.216(d)  presently  contains  a  general  requirement  that  the  airplane  be  designed 
for  the  unsymmetrical  loads  resulting  from  failure  of  one  engine;  e.g.,  yaw  loads  due  to 
windmilling  drag  of  a  turbopropeller  engine.  On  the  basis  of  experience  gained  in  design 
evaluation,  testing,  and  operation  of  turbopropeller  airplanes,  section  4b. 216(d)  is  being 
amended  to  state  the  factors  to  be  considered  in  determining  these  loads,  including  types 
of  engine  failure,  corresponding  airplane  speeds,  malfunctioning  of  propeller  drag  limiting 
systems,  and  pilot  corrective  action. 

Section  4b. 235  presently  contains  an  inconsistency  between  the  drag  loads  specified 
for  the  main  landing  gear  in  the  braked  roll  condition  (which  may  be  based  on  the  maximum 
obtainable  brake  torque),  and  the  drag  load  specified  for  one  main  gear  in  the  nose  wheel 
yawing  condition  (which  is  based  solely  on  a  friction  coefficient  of  0.8).  Changes  to  section 
4b.235  are  being  made  which  apply  the  yawing  loads  resulting  from  the  0.8  coefficient  to 
the  nose  gear  and  supporting  structure  only.  A  drag  load  corresponding  with  the  basic 
braked  roll  condition  is  being  applied  to  one  main  gear  as  an  overall  airplane  design  condition. 

The  fatigue  evaluation  requirements  of  section  4b.270  at  present  apply  only  to  struc¬ 
ture  supporting  flight  loads.  A  number  of  cases  of  landing  gear  fatigue  cracking  or  failure 
have  been  reported.  Although  these  failures  have  not  resulted  in  fatal  accidents,  the  possi¬ 
bility  of  fire  after  landing  gear  failure  is  a  potentiai  hazard.  Therefore,  a  new  section  4b. 271 
is  being  adopted,  requiring  a  fatigue  evaluation  of  the  landing  gear  structure,  and,  where 
such  evaluation  indicates  a  need,  the  establishment  of  inspection  or  other  procedures  to 
prevent  catastrophic  fatigue  failure.  Alternatively,  it  may  be  shown  that  catastrophic 
failure  of  the  landing  gear  is  not  probable  after  fatigue  failure  or  after  obvious  partial  failure 
of  a  single  structural  element. 

The  present  requirements  on  factors  of  safety  and  inspections  for  structural  castings 
(section  4b.307(a))  specify  a  special  factor  of  2.0  for  visual  inspection  only,  and  a  factor  of 
1.25  when  radiographic  inspection  and  strength  tests  of  3  sample  castings  are  employed. 
Section  4b.307(a)  is  being  amended  to  provide  a  series  of  casting  factors  and  corresponding 
test  and  inspection  requirements  which  reflect  current  methods  and  practices.  In  addition, 
a  minor  revision  in  the  format  of  section  4b.307(a)  as  proposed  is  being  made  and,  in  the 
light  of  comment  received,  alternative  methods  of  compliance  with  the  proposed  require¬ 
ments  of  this  section  are  being  added. 

A  revision  to  section  4b.334(e)  concerning  landing  gear  position  indicators  and  warning 
devices  is  being  made  to  insure  warning  in  the  event  a  landing  is  made  with  one  or  more 
throttles  advanced.  A  note  is  also  being  added  setting  forth  an  acceptance  means  of  com¬ 
pliance  which  would  replace  section  4b.334-2.  To  insure  that  essential  equipment  in  wheel 
wells  is  not  damaged  by  loose  tire  treads  or  a  bursting  tire,  a  provision  is  being  added  which 
requires  protection  of  such  equipment.  As  a  result  of  comments  made  on  the  proposal, 
alternatives  are  being  added  to  the  requirement,  to  permit  a  finding  that  a  tire  cannot 
burst  from  overheat  or  that  a  loose  tire  tread  cannot  cause  damage.  It  is  intended  that  such 
findings  will  be  based  on  the  use  of  a  wheel  which  is  fitted  with  a  fusible  plug  and  a  tubeless 
tire  or  that  an  extended  wheel  is  located  so  that  a  tire  tread  which  has  separated  from  the 
wheel  cannot  enter  the  wheel  well  and  that  the  wheel  is  braked  to  a  stop  before  retraction 
into  the  wheel  weU. 

Current  provisions  of  section  4b.3S2  do  not  require  fail-safe  windshields  and  windows 
on  pressurized  cabin  airplanes;  however,  existing  turbine  transport  airplanes  incorporate 
this  feature,  which  has  prevented  complete  loss  of  cabin  pressurization  in  a  considerable 
number  of  partial  windshield  failure  incidents.  Therefore,  section  4b.352(d)  is  being 
amended  to  require  that  windshields  and  window  panels  in  pressurized  cabins  have 
strength  to  withstand  the  maximum  differential  pressure  load,  aerodynamic  pressures,  and 
temperature  effects  after  failure  of  a  single  element.  This  amendment  differs  from  that 
proposed  in  that  it  is  less  restrictive  as  to  the  type  of  window  or  windshield  required. 
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Sections  4b.357  and  4b.371(d)  require  that,  when  louvres  or  other  ventilating  devices 
are  provided  between  cabin  partitions,  it  shall  be  possible  for  the  ere  w  to  stop  the  flow  of  air 
through  such  ventilating  devices.  Because  this  requirement  does  not  accomplish  its  ap¬ 
parent  objective  which  is  covered  elsewhere,  sections  4b. 357  and  4b. 37 1(d)  are  being  deleted. 

Sections  4b.368(c)(2)  and  4b.643  presently  require  an  additional  factor  of  safety  of 
1.33  on  the  loads  for  seat  and  safety  belt  attachments,  and  section  4b.307(c)  requires  a 
factor  of  1.15  for  structural  fittings  (attachments).  Sections  4b. 358(c)(2)  and  4b. 643  are 
being  clarified  by  inserting  a  statement  that  the  1.33  factor  may  be  applied  in  lieu  of  the 
1.15  factor,  not  be  added  to  it.  This  is  consistent  with  the  general  principle  that  only  the 
highest  factor  intended  for  a  similar  purpose  need  be  applied.  However,  if  castings  are 
used,  the  casting  factor  specified  in  section  4b.307(a)  still  applies,  since  this  factor  is  intended 
for  another  purpose. 

The  upper  aisle  width  specified  in  section  4b. 362(h)  has  been  reduced  from  20  to  18 
inches,  for  airplanes  having  a  passenger  seating  capacity  of  10  or  less,  on  the  basis  of  studies 
indicating  that  this  reduction  would  not  adversely  affect  safe  emergency  evacuation.  How¬ 
ever,  a  further  reduction  of  this  dimension  to  16  inches,  as  suggested  by  several  interested 
persons,  has  not  been  justified.  Biometric  data  derived  from  a  general  sampling  of  the 
civilian  population  reveals  that  a  significant  percentage  of  passengers  have  a  standing 
hip-breadth  exceeding  16  inches,  whereas  the  percentage  exceeding  18  inches  is  negligible. 
A  16-inoh  upper  aisle  width,  therefore,  introduces  the  probability  that  a  single  passenger 
may  jam  the  aisle  between  seats  in  the  excitement  and  near-panic  of  an  emergency  evacua¬ 
tion;  and,  in  any  event,  movement  along  the  aisle  would  be  retarded  by  the  awkward  side¬ 
ward  gait  which  large-hipped  passengers  must  assume  for  passage. 

It  had  been  proposed  that  the  optional  provision  of  section  4b. 385,  which  permits  the 
control  of  fire  once  it  has  started,  would  be  deleted.  Comments  made  on  that  proposal 
have  led  to  the  conclusion  that  such  an  amendment  might  be  unnecessarily  restrictive  and 
would  not  be  compatible  with  other  requirements  which  do  permit  the  control  of  fire  in 
cargo  compartments  and  nacelles.  Accordingly,  presently  effective  section  4b. 385  remains 
unchanged.  Section  4b.412  dealing  with  pressure  crossfeed  lines  is  being  deleted  because 
sections  4b.370  and  4b. 385  cover  both  the  fire  control  and  ventilation  aspects  of  section 
4b.412. 

As  a  result  of  comments  received,  the  specific  provisions  regarding  demonstrations  or 
tests  are  being  deleted  from  sections  4b.413  and  4b.416  as  they  were  proposed  in  the  draft 
release.  Adequate  authority  for  any  ground  or  fiight  tests  which  might  be  required  con¬ 
tinues  to  rest  in  presently  effective  sections  4b.l5  and  4b.  16.  The  flight  conditions  specified 
in  section  4b.416,  used  in  connection  with  the  selection  of  unusable  fuel  supply,  are  unneces¬ 
sary  if  compliance  with  general  fuel  flow  requirements  is  obtained  and  are,  therefore,  being 
deleted.  The  provisions  of  paragraph  (b)  of  section  4b.416,  as  proposed  in  the  draft  release 
are  being  transferred  to  a  new  paragraph  (c)  under  section  4b.4]3,  as  an  editorial  change, 
since  the  provision  for  fuel  feed  belongs  more  appropriately  in  the  fuel  flow  section  than  in 
the  unusable  fuel  supply  section.  Presently  effective  section  4b. 415  also  covers  fuel  flow 
rate,  relative  to  transfer  systems  and  bases  required  flow  rates  on  horsepower  output.  Since 
the  changes  being  made  to  section  4b.413  eliminate  the  horsepower  basis  for  establishing 
flow  rate,  section  4b.415  is  being  deleted. 

Because  of  the  change  made  to  section  4b.416,  material  contained  in  other  sections  is 
no  longer  necessary.  Therefore,  sections  4b.416-l,  4b.416-2,  4b.418(a),  4b. 418-1,  and 
4b.426-l  are  being  deleted.  Section  4b.420(d)  is  aL>o  being  deleted  to  eliminate  a  conflict 
with  the  definition  of  unusable  fuel  supply  in  section  4b.416. 

In  addition  to  the  matter  of  unusable  fuel  supply,  another  question  has  arisen  relating 
to  the  flow  requirements  of  section  4b.413.  Section  4b.413(a)  presently  requires  that  the 
available  fuel  flow  shall  be  not  less  than  125  percent  of  that  needed  to  develop  maximum 
engine  horsepower  or  thrust.  The  25  percent  margin  is  not  required  to  insure  adequate 
fuel  flow.  Furthermore,  a  margin  is  unnecessary  to  offset  system  deterioration  because 
such  deterioration  is  precluded  by  proper  maintenance,  inspection,  and  overhaul.  Section 
4b.413  is  being  amended  as  proposed  in  accordance  with  the  foregoing. 

Section  4b.436,  dealing  with  fuel  system  drains,  is  being  revised  to  delete  redundant  and 
contradictory  requirements. 

Presently  effective  sections  4b.450  through  4b.455  deal  with  the  powerplant  cooling 
capability  and  specify  test  to  show  that  powerplant  temperature  limits  can  be  maintained. 
With  the  exception  of  section  4b.455,  these  sections  apply  to  reciprocating  engines.  Sections 
4>.460  throu^  4b  .452  are  being  clarified  by  making  them  generally  applicable  to  turbine 
engine  installations  as  well  as  reciprocating  engine  installations  and  by  specifying  test 
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conditions  in  general  terms  which  are  based  on  the  applicable  airplane  performance  require¬ 
ments.  This  clarification  makes  sections  4b. 453  and  4b. 455  unnecessary.  Accordingly, 
they  are  being  deleted. 

Consistent  with  the  proposed  changes  to  the  fmwerplant  cooling  requirements,  sections 
4b.440(e),  4b.440-l,  4b.460-l,  4b.462-l,  4b.453-l,  4b.454-l,  4b.465,  and  4b.465-l  are 
being  deleted  inasmuch  as  the  matter  of  oil  cooling  and  carburetor  air  cooling  is  covered  in 
the  changes  being  made  to  sections  4b.450  through  4b.455. 

Section  4b.488  requires  a  fireproof  diaphragm  to  isolate  the  engine  power  section  and 
all  portions  of  the  exhaust  system  from  the  engine  accessory  compartment,  unless  equivalent 
protection  can  be  shown  by  other  means.  Fire  extinguishing  systems  are  required  in  all 
cases  to  be  provided  in  the  engine  power  section,  in  the  engine  accessory  section,  and  in 
complete  powerplant  compartments.  Since  it  is  considered  that  fire  extinguishing  systems 
are  equivalent  to  a  diaphragm  in  providing  protection,  there  is  no  reason  for  retaining  the 
provisions  of  section  4b.488.  Accordingly,  this  section  is  being  deleted.  Consistent  with 
this  deletion,  editorial  changes  are  being  made  in  sections  4b. 484  and  4b.487. 

Section  4b.604(q)  requires  a  thrust  indicator  for  each  turbojet  engine.  Because  such 
indicators  have  not  been  perfected  and  because  the  thrust  output  information  which  is 
desired  can  be  otherwise  obtained,  this  section  is  being  amended  to  require  instead  an 
indicator  which  will  permit  the  pilot  to  determine  if  the  thrust  of  any  engine  has  changed 
as  a  result  of  any  engine  deficiency.  A  comment  on  this  section  as  proposed  expressed 
concern  that  the  proposed  phrase  “relative  to  the  thrust  being  obtained  by  the  remaining 
engines’*  meant  a  requirement  for  a  differential  thrust  indicator  between  any  two  engines. 
Such  a  meaning  was  not  itended.  To  prevent  the  possibility  of  further  misconstrual,  the 
phrase  is  being  deleted.  Another  c  nment  expressed  concern  that  since  pressure  ratio 
indication  has  been  accepted  as  meeiing  the  requirement  for  a  thrust  indicator,  it  would 
necessarily  be  disallowed  in  meeting  a  requirement  for  indication  that  thrust  has  changed. 
A  pressure  ratio  indicator  will  continue  to  be  acceptable  in  meeting  the  amended  require¬ 
ment  if  it  has  previously  been  acceptable  in  meeting  the  requirement  for  a  thrust  indicator. 
Since  pressure  ratio  indication  might  not  in  all  cases  fully  satisfy  the  provision  that  the  indi¬ 
cated  thrust  change  results  from  any  engine  deficiency,  an  alternative  is  being  added  to  the 
requirement.  The  alternative  will  permit  the  indication  of  any  gas  stream  pressure  which 
can  be  related  to  the  thrust  output  of  the  engine. 

Section  4b.622(b)  is  being  amended  by  adding  two  provisions  which  relate  to  the  proper 
functioning  of  the  generating  system  with  respect  to  load  equipment.  These  provisions  are 
a  more  precise  statement  of  the  requirement  in  currently  effective  section  4b.627  and  permit 
deletion  of  that  requirement. 

To  eliminate  an  unnecessarily  restrictive  provision  requiring  that  certain  electrical 
protective  devices  or  their  controls  be  accessible  for  resetting  in  flight,  section  4b.624(d)  is 
being  amended.  Section  4b.627  is  also  being  amended  by  deleting  the  currently  effective 
rule  and  adding  several  provisions  to  insure  the  validity  of  electrical  system  tests  under 
simulated  conditions  in  the  laboratory.  The  wording  in  the  present  section  is  being  deleted 
because:  (1)  Other  sections  require  such  tests  as  are  necessary  to  show  compliance  with  all 
airworthiness  requirements,  including  those  dealing  with  the  electrical  system;  and  (2)  the 
need  for  the  provision  that  the  electrical  system  “functions  properly  and  without  electrical 
or  thermal  distress’’  has  been  eliminated  by  the  revision  to  section  4b. 622(b). 

Presently  effective  section  4b. 652  deals  with  the  reliability  of  engine-driven  accessories 
and  section  4b.659  specifies  that  an  airplane  must  be  able  to  continue  safe  flight  in  the  event 
of  a  failure  of  a  high  energy  rotor.  These  two  sections  are  being  deleted  because  their 
substance  is  covered  by  the  provisions  of  section  4b.606  which  is  concerned  with  the  reliability 
of  all  equipment,  systems,  and  installations. 

Hydraulic  system  service  difficulties  have  arisen  which  affect  the  proposal  to  add  a 
new  section  4b.656,  concerning  hydraulic  system  tests.  Therefore,  the  proposed  addition 
of  section  4b. 656,  containing  a  new  test  requirement,  is  not  being  included  at  this  time.  A 
study  of  the  matter  is  being  made  outside  the  framework  of  this  review. 

A  change  is  being  made  to  figure  4b-19  dealing  with  position  light  intensities  in  order  to 
remove  an  irrational  discontinuity. 

Operating  records  show  an  increasing  number  of  cases  of  exceeding  the  air-speed  opera¬ 
ting  limits  on  transport  category  airplanes,  particularly  on  turbine-powered  airplanes.  Also, 
the  present  regulations  lack  definite  criteria  for  the  rational  determination  of  speed  margins. 
Among  the  probable  causes  of  overspeed  are  the  characteristics  of  turbine-powered  airplanes 
which  make  it  desirable  to  operate  at  the  limit  speed,  the  somewhat  indefinite  significance  of 
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the  present  normal  operating  limit  speed,  and  the  increasing  preoccupation  of  pilots  with  air 
traffic  and  other  duties  which  distract  them  from  continuous  monitoring  of  airspet'd  instru¬ 
ments.  Therefore,  a  series  of  amendments  to  the  airspeed  operating  limitations  and  related 
requirements  are  being  made.  These  amendments  replace  the  existing  normal  o|)«*rating 
limit  and  never  exceed  speeds  (sections  4b.711  and  4b. 712)  by  a  single  speed  at  the  previous 
normal  operating  limit  value.  The  new  single  limit  is  designated  as  the  “maximum  operating 
limit  speed,’’  and  is  defined  in  the  Airplane  Flight  Manual  (section  4b. 741)  as  a  speed  which 
shall  not  be  deliberately  exceeded  in  any  regime  of  flight,  except  where  a  higher  speed  is  au¬ 
thorized  for  flight  test  or  pilot  training  operation.'^.  The  amendments  provide  a  rational 
method  (based  on  a  7.5  degree  dive  maneuver),  as  well  as  alternative  arbitrary  factors,  for 
calculating  the  speed  margin  between  the  new  limit  speed  and  the  demonstrated  flight  or 
structural  dive  speeds.  To  provide  for  atmospheric  conditions  and  other  operational  factors 
not  covered  by  the  7.5  degree  dive  criteria,  the  amendments  include  a  minimum  speed  margin 
of  0.05  Mach  number  beyond  the  operating  limit  speed.  This  is  0.04  M  beyond  the  aural 
warning  speed,  and  is  believed  to  be  consistent  with  the  minimum  margin  on  existing  airplanes. 

A  new  section  4b. 101,  high-speed  characteristics,  is  being  adopted  to  cover  in  general 
terms  the  flight  tests  for  speed  increase  and  recovery  characteristics,  and  to  establish  a  maxi¬ 
mum  speed  Vrc  for  certain  stability  characteristics.  The  speed  margin  between  design 
speeds  and  I'n  iti  section  4b.210  is  being  replaced  by  a  cross  reference  to  section  4b. 71 1 . 

To  minimize  overspeeding  due  to  pilot  preoccupation,  section  4b. 603  is  being  amended 
by  adding  a  new  paragraph  (k)  to  require  an  aural  warning  device  on  turbine-powered  air¬ 
planes  and  on  other  airplanes  having  a  speed  margin  of  less  than  20  percent  between  limit 
and  demonstrated  speeds.  I'o  insure  early  warning  and  thus  to  make  a  major  portion  of 
the  speed  margin  available  for  p’lot  reaction  and  recovery  maneuvers,  the  amendment  also 
requires  that  the  warning  occur  whenever  the  speed  exceeds  the  limit  speed  by  more  than  6 
knots  or  0.01  M. 

The  changes  in  terminology  in  the  air-speed  limitations  require  corresponding  changes, 
including  deletions  and  additions  in  sections  4b.l(d)  (9),  (15),  and  (16);  4b. 132(e);  4b. 141; 
4b.l42(c);  4b.l55;  4b.l56;  4b.l57;  4b.l57-l;  4b.l58;  4b.210(b) (4) ;  4b.210(b)(5) ;  4b.484-l 
(b)(1);  4b.603(a);  4b.612(a)(3);  4b.612-4(a);  4b.7n;  4b.712;  4b.740-l;  and  4b.741(a). 

Miscellaneous  changes  of  an  editorial  or  clarifying  nature  are  being  made  to  sections 
4b.l,  4b.ll,  4b.l55.  4b.l60,  4b.221,  lb.306,  4b.306-l,  4b.329-2,  4b.329-6,  4b.435,  4b.447, 
4b.612,  4b.642,  4b.645,  4b. 718,  and  4b. 738.  Among  the  miscellaneous  amendments  there  is 
one  to  expressly  exclude  from  the  provisions  of  section  4b. 11(b)  consideration  of  provisional 
typie  certiflcates.  While  it  was  proposed  that  this  be  accomplished  by  a  note,  ♦  now  appears 
that  is  is  more  appropriate  to  include  such  a  provision  within  section  4b.  1 1  (b)  rather  than  as  a 
note  thereto.  Furthermore,  the  proposed  section  4b. 612(f)  (4)  requiring  two  complete 
static  air  pressure  operating  systems  for  the  required  instruments  at  the  first  pilot’s  station 
has  been  withdrawn  in  the  light  of  comment  received.  It  has  been  determined  that  one  such 
static  air  pressure  operating  system  as  presently  required  is  all  that  is  necessary  as  a  mini¬ 
mum  requirement  in  the  interest  of  s<  fety. 

Interested  persons  have  been  afforded  an  opportunity  to  participate  in  the  making  of 
this  amendment,  and  due  consideration  has  been  given  to  ail  relevant  matter  presented. 

Amendment  made  the  following  changes: 

(1)  Amended  sections  4b.l,  4b.ll,  4b.l30,  4b.l31,  4b.l32,  4b.l41,  4b.l42, 

4b.l50,  4b.l51,  4b.l52, 4b.l53,  4b.l54, 4b.l55,  4b.l56,  4b.l57,  4b.l57- 
1,  4b.l58,  4b.l60,  4b.210,  4b.212,  4b.216,  4b.221,  4b.235,  4b.270, 
4b.306,  4b.306-l,  4b.307,  4b.329-2,  4b.329-6,  4b.334,  4b.352,  4b.358, 
4b.362,  4b.371,  4b.413,  4b.416,  4b.4F  4b.420,  4b.435,  4b.436, 

4b.440,  4b.447,  4b.450,  4b.451,  4b.452,  *b.484,  4b.484-l,  4b.487, 
4b.603,  4b.604,  4b.612,  4b.612-4,  4b.622,  4b.624,  4b.627,  4b.642 
4b.643,  4b.645,  4b.711,  4b,714,  4b.718,  4b.738,  4b.740-l,  and  4b.741, 
and  figure  4b-19; 

(2)  Deleted  sections  4b.l50-l,  4b.l51-l,  4b.l52-l,  4b.l53-l,  4b.l54-l, 
4b.l55-l,  4b.357,  4b.412,  4b.415,  4b.416-l,  4b.416-2,  4b.418-l, 
4b.426-l,  4b.440-l,  4b.450-l,  4b.452-l,  4b.453,  4b.453-l,  4b.454-l, 
4b.455,  4b.465,  4b.465-l,  4b.488,  4b.652,  4b.659,  -^d  4b.712;  and 

(3)  Added  sections  4b.l91  and  4b.271. 
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